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ABSTRACT 

Defining the las^uRi as a learning environfflent ^ this 
book analyzes devices that ca» be used to sake the experieiiCG more 
meaningful for visitors in ©jcisting and new axiibits^ illthoiigli the 
typical muaeum aadianca is het^^r ogeneoas and voluntary with no 
paiticular instructional objectives on which to base museum 
exploration^ instructional technology can bm a^ed to arranga madia 
and activities in order to facilitate speciiic leaxsing outcones. 
Elements of two expar isiental prograras^ which tftre initiated im the 
Milwaukee Public Museua^ are describsd, AULdiDCassett&s and portable 
visitor resporise devices caa serve as adjuncts to already existing 
exhibits to give them int€ractiv€ properties* Tor c^aspla^ the 
visitor may carry and plaj th€ cassette as he ^KamiEes an exhibit^ 
and he can punch answers on a punchboard in response to audio-- acript 
gu^stions^ The devices can be wired so that the cassette stops 
playing mntil the correct response has been punched. Similar 
nonportable machines can be attractively programed for pr€- and 
posttesting or self -^testi^ig. Other technigues tor self-testing could 
involve latent image response cards, punchboards^ and mechanical 
response devices, statistics are incliiatd for several studies that 
use various tachaiques ov€r differeat periods of tine* (AV) 
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iiiU-^riur ^rcLi; rci b\\\^\viAb fni^;h^ S(Hmii a bi^UI \Avyi , sill- e 0 ^ould aHSiiiiir tlMt 

wvvv .iiiiMLly iU'.ill w th ^1 JiHj! itUi^l V. ViM, at U/a^-i uv? a ams rtinaji virUially 
u 111 ui.:ii u'tl : thn mtM^ .irt'in t til \'i^it(H^ rrar li^n tc ^ irM-ieinii (ilnTin^^h^ aiul tlic 
^ti^K' ol !P^Mn•^ hv which thu to^altlv c)!" w^hnf U lU'i'^ ^^rally rtrfcrrcJ U) an "tlie 
itiu ^-rtiti 1 t'Vperit'iKi' ' In' t^nrithrLl wt^ll a'^ ^ai:^;r.l It is to iiir- fitjiil of 
inqtiir^ tha" t hr v'pl in :ir-^ prr'^iC'ii t c't! in this ncnos ill a JiJ rcss tr'iCrTl-cK'e*^. 

FsNvhnltniUM 1 ^-iiuli*'''. as thc'^e' subji\;*H ari' ollui. luc)^'t?lv rojoru^d t^*, luivc 
\m'0\\ tmclc'ria kcMi ^*p<?rad u nIK' :t)r os'ur the bst half cuntiirV: Siv^iailicfint roiUri- 
biiUcuis to learning luu'o resell: eth hut those have hu:ked the Liiulorpinnin^ of n 
tnnlinuiini in re-earrh, tr-tln^^, and appheaiioiu It \^ to till this and to 

LirnicMi^trat e unri' nnd lor all the validity ut the LiisLiplinu in thu muse una 
envirunincMat that tlie Sniiih Hnuian Insiitutioip in I^7Z, ItManud a dcparLment 
within the Otfice ut Numnini rroipains eharj^ed Hperiiicnlly with cxpluring, on 
a i; uiatiiineti ba^^is . tnt' nui^tH-in efu'ii'nunient an aii mtei"aeti\'e ))it\'\L"\{. 

Our aim i^^ not loanaly/e fhe visitor as sueh, hLit rather to analy/o how the 
^a^itnr k*arns, hcivv ihe nno.einn alfects hin% what Lievit uh u^n he used to niake 
the expcrienLe mere nieatiingFul in t^xi^ting cxIiihitM^ and hovv one can in new 
exhibitiun^ ineprporate wit hin the hasie seript and th^^ uri||inal research principles 
of hsarninj; \vhich will lead ti5 a more nieaningtul rcRuIt^ rarallcling [fiis pro- 
gram iB the dcvolepnient of jnoans to diHBeminate thiB research, cither that 
carried (>iit by the ^^tafl of [he Smithsonian or by specialists in the fieUh 

[t is appropriare lhat lliu first vokunc in the sericH be vvrittcn by Dr. Chand 
ler C. Screven, for il in in fvlilvvaukee. under the Inadcrship of the late Stephen 
F, tk^ Borhegyi, Director of the MiKvaukec PubUe Kluacuin, that these Htiidies 
reeci^'ed their earlier inipetus. We are grateful to Profe^^nr Screven for sharing 
his I on g yc a r h o t s t u cly a nd e x p e r i ni e n t a t i on \ vi t h us, a rad far allowing us to 
Lomriiurucatc the fruit at his researchi to a broad international aiuiienec. 
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I'hv iinpfM tniii '* inJ ^iii ic^u; nl ihis ^oricH will doptMul uniirclv upon the 
inturc'^t tlint iliu ^mbji'tl will t'ljiiL llie niinds ihd^ will attrnctad lo this mw 
Field oF rrstMrch, nnd die (iprnrH'^^s ul the niuseum proK'SHiun in .icxTptlng .1 now 
Uu)[ \v1i!l1i, ill tiiiie, nuiv upi'n lu'w vistas iH' wOinnuiniLahon and iiiuhn Htanding, 
and therubv fosler ihv a^'uinilalion nuisctm^s into the cdiu:aiii)iuil fabrii: in 
tho broadi'Ht sunse. 

IMul N. Vvrrni 

OLtubtM^ 17, 1"^^74 S;n/f/hU3N//]j/ In^titufion 



TJic Mu^ciiin us a I vimnng Envjranmrfit 

The museum, in adJition to its curaiorlal and schoUrly funcHons, is also a 
learning unvironnicnt. As a learning cnvironincnl, imiscums provide an alterim- 
live place where something called "-instruction/' ''education/' ''enrichment'' 
can take place. While this idea is not at all new to most mu?;eum professionals 
(Cameron, 1968; Lee, 1965; Screven, Shettcl, 1973; among others), there 

is scriuui* question concerning the cKteiit to which nany public museums, as 
currently constituted, actually perforin such fiinctions. However, recent ad- 
vances in ''instructional design" and '"^coinnuinicntlonH technology" raise ini- 
portant new possibilitieB for utilizing the vast resources of public miiseums 
and art galleries (as well as zoos, p.irks, and other public access settings) as 
alternative sources for productive learning and educational enrichment. 

The experimental studies reported in Chapters 11, III, and IV concern some 
of these possibilities. These particular studies wore conducted in cooperation 
with the Milwaukee Public MuDeiini, under a grant to the University of 
Wisconsin-Milw iukec frnni the Bureau of Rcseardi oF the Office of Education, 
and represent an exploratory effort to see if some principles of instructional 
design and human motivation might be helpful in facilitating learning within 
a pub he museum/ 

A forthcoming bibllographv of studies in museum visitor behavior (Eniot 
and I.oomis) lists a surprisingly hu^go iiuinber of papers concerned in one 
way or aiiother wiih nui^eum visitor behavior. But vcvy few of these studies 
employed oxpcrin\cntaI priKcdurus in which particular variables were Bystc- 
matically innnipulated In examine their effects on visitor behavior or learn- 
ing, Experimental research in museums is relatively rare. Examples in.dude 
Abler (I^d8), Bechtel (I^d7), l^loomber^ (19^0), Fa^zini (1972), Melton (1935, 
1936a/l936b), Parsons {19oS), E. S, Robinson (1 928>, V. Robinson (1960). 
Screven (H^74b), Sheitel el ah (19oBi, and VVijibb and Boulourlinu (1962). 
Even fewer of these have been concerned directly with examining the learning 

J HEVV Projcrt 7-0138, Grant 3=7-070118-1882, Special recognition Is due Robert Lakota, 
who served ttb Project Coordinator throughout most of the investigations, and to the late 
Dr, Stcphon dc Borhogvl. Director of the Milwaukee Public Museum until he wm killed 
in AH tiiilomnbih^ ntTident. Dr. Burhci^yi's iniereHtH in the objective mcnRuremcnt of mti§cuni 
visitor bt?haViors and the furthering of the educational functions of museums lielpcd 
mnke these invcstigtitions possible. 
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protrs*^ in ilu! miificuni iMivironrruniL It h) not nurpriHing, tlioruforo, that liflle 
it» known nhiMit \]w muscinn vie^ilor, wlint; hapi^cni; to hini, or haw lo ffy nbt>ui 
liflping him folate |ircHltirtivfily la nuiHcnim rc^;aurcrH. Mu^^cuin profcHi;ionalM 
linvc ^;lmni; bchrf^^ that something; Iiappaning lo ihcir vi^Utor^j, hut ihoru is 
i\ivM difficulty in tlcfinifif^ vvhnt tliis i^n, nujch Ic^^i nitM^iUrin^^ it, 

Muficuimn tin ji^rnci'nti' a gcicHi deal of C'xjiloratoiy bc'hnviai% nior>t of it prpb- 
otjiy itUiLiuaK 'X\)i}Uu In'' with any diu; t'xhihit art) britil, tivuraging buivvuun 
ZO and 10 M^onds (i.i//iiii. I'^72; rarsuns, UiuB; 5)lu'ltuh 1.06B) haidly Ipn^ 
t'ntiiigh for inibritantivt' learriiny. But sonH* miisoum profc^isiunals in art and 
hisi;ory nniBCunui would arj^uo that substantivci ov "cognilivt?" learning often 
Is not flu^ pt.iini:, that tlic ohjectiv{?s of niany exhibits arc iiiure to change 
"'bGlief^^/' "acsthplir scnsiiivitiQB/' ''altitLidei;/' "pernpcctivoH/' ''interests/' etc. 
Thin may or may not be no, but wlicthcr exhibit objertiven arc cognitivo or 
not, little in known concerning the nature of wh^itever changes do take phice, 
their direction, their retention, who is affeclod, or how frequently. What changes 
d o t a k e p\ a ce ^ in any c a s e , a re f re q u e n 1 1 y u nc ti n t r o 1 1 e d , n_i ore or less r a n d o iw , 
anch for the most part, unknovvn. 

The iTiuseum as a place for instruction and eclucation may have some unique 
advantngCB over more formalized public cdiication for persons of all types and 
ages flee, 1968; Shctlcb 1973). The museum, for exanipic, is an open learning 
environment which, potentially at least, is an cKciting alternative to the con- 
H'entinnal, restrictive classroom. Mu^icunis have no classrooms, no coercive 
forces, and no grades. The museum visitor is in an exploratory situatiori, able 
\o move nbout at his own pace and on his own ertiis. 

But some of the features which give muscunis their appeal as open learning 
environments pose serious problems, both for measurement and for effective 
irmtrurtional coiTiniunication. Thus, the typical museum audience* 

fa) is hvfL'roi^ouvoiis In age, background, interests, and reasons for being 
in the museum; 

(b) is vnlioitar}/ (except for visiting school groups) and not necessarily 
rendy to devote time and effort to educational ends; 

(c) must be reached wliile freely moving (often hurrying) along hallways. 
While visitors are free to slop, look, and listen, they are alsc> free 
to ignore the relevant and attend to the irrelevant; 

(d) has no particular ins true tlonal objectives or goals on which *to base 
its nun^euin (^xploralions (other than raiKlnmly explore). 

Also, within any single display, it is difficult to control the order in which 
\]iv visitor will view certain materials. Therefore, it is difficult to develop 
concepts which huild upon one another, Anullior difficulty is that the visitor's 
relntionnhip to an exhibit usually is a one-way, nonrcsponsive affair in which 
he receives no corrective feedback to whatever observing responses he is 
making. In most exhibit situations, ''discriniinative responses," which may bo 
critical to learning (which is older? larger? faster? similar? different? etc.), are 
neither elicited (by questions or other means) nor selectively reinforced. 

To complicate matters further, museum displays are put together by curators, 
,irtists, and other professional specialists with much attention to accuracy and 
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i?yo appoal, bul liule (if imj} .Htcntion tn wlu^liur v)dh)rs nrliinlly Itmni 
anything from thuftu Worst' y^fU mobi miiHOum uxhibilH ,\yv. put together vvithout 
prciicfincd specific Icarninf; c>wUomus (iimcliitig gonliO. Witliour pro-cntabliGhcd 
goah;, and some vvny af nic/:i^Uri;n|:^ whotlicr or not tliry hnvc boon ^chicvccL 
there VI no scientific b^sh for c^voiiiUiting existing di^pIayH or duHigning now onon. 

Drvctnpmnnt'i in r^'cnnt yt^m in ihr nxpcMMmpntal pf;ycholn^»y of Irnrninn 
and motiv'ntion (SkiniUM, '1^)5^, n>oH; I luni)^, l^n^o, Ulrirh v\' al., 1970, 
nnd in instructinnnl technolu^^V i:i!iut dcni^n (Cnnnni'ision Ri-port*^, [971; finj^nr, 
inci9; OrLich jnJ l^ly, 1<17T^ Vih^vr, 1<^65; O'Dnv i^t nl., 1^71; Pnpham nnci 
Biiknr, 1970) have impurtaiil ii^iplicntiun:) fur how nuiscniniii might k« ^ibout the 
nu'asurcment, dt'^[j.;n, and (jvnJualion of niusuum rxhibitH. These m t'ih ad olnf^ ley 
already arc being *uici cHsfiilly applied to prublum^^ in rurricuhim design for the 
public ^»chools, clansrnoni ni.ii:1i^||ri^i(Mir, indiislrial Iraininf^, pareiitHhiU! voIatiMn- 
Hhips, and mnny other appUs^d fields (sod, for example. Bijou and Baer, 1965; 
Ferstcr and Pnrrott, 1^)70; Ulricli €t nh, 1^70, 1074). 

In the remaining sectionE^ Cif tbin dmpter, we shall con*^ider a number of 
aspects of these mefehodologte oF direct importance to the teaching functions 
of museums: the area of sp<gilkd "instructional technology/' some principles 
for defining instructional ^mh kn teaching exhibits, the problem of visitor 
moHvation, the ''interactive'^ e'Khibit, and some comments on audiovisual 
applications in m use urns, 

Insfriictional TecJuiolog^ ^^nd Muscwn Educaiion 

rngtructional technology involv^^^^ (i systematic process of arranging instructional 
media and activities to faciUl^te Bpvcific hnrnhi^ oHiconw^. Briefly, the folbw- 
ing steps are involved, 

(1) Characteristics of the population to be taught are identified (age^i, 
interests, backgroynil^ lE^arning styles, etc), 

(2) Learning outcomes 4ira !ormulai;ed and performance tests are estab- 
lished vvhich reflocl Bpecific learning outcomes. 

(3) An analysis is made of \hc specific learning tasks likely to be required. 

(4) InBtructional sequence iuc designed for producing the learning out- 
comes, utilizing wh^tU^V'^r modes and media, human and nonbuman, 
seem most efficient toir this purpose; in public museumS/ important 
media, of rourse, wiild be the artifact, simulated environments, etc, 

(5) The tentative systOT i$ tried out with representative samples from 
the intended learn&t population, and these results are evaluated in 
terms of acceptance, tffklency, and its effectiveness in achieving the 
learning outcome, 

(6) Based on these residb^ the instructional tasks and sequencing are 
reanalyzed and nic4itei to improve results and again re tested. 
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'[\mv difTrrinn apj)! o.ulu's jiul MyHli'i!!'. for tanyiiij; oul Insk nn.ilv^(^'i 
arul ciosijyiini; in*Uruciioncil m:t|uciu:itij;, Mowrvcr, nlnintit nil '.yiiteniH uliH/!^ (lio 
pcrforniantc of thr inlcndcd If^anicri^ the final arbiliM' for ovnlurtting th(* linn] 
in^arurliunal projMam, and it in tliin fcaiiirc' that ntust Ik' .ipplicd in iniiseiim 
rxliihil dcM>;n il \MMli»r h'jirin); ol muiu' M)rl is llio |)iiin,!iv ul ih«* i"<liibii. 

V\\v nin'.j Mv (iinsi vs* ifM en! .iiinly^iK of in^riruMitiiinl Icrhnnlojw iliai nt 
(he U.S. C'umini^ision l<rpt>ris an I nsirurtuina s i hncUuj^y ('an; Coininishiun 
Ri'fmiis, I^>7[). Howovrr, thrri' a!(» nianv };ucilI iriUodia lory [rcMlnieiils of tlp^ 
U)j)ir and d^ variuiis facials wriitun f ur Icachvi ^i, cuirit ulum dcsi|yirr'i, .uu3 
HjHH ialists. The jmi'HHini profrsnional seriously intcMc^Uecl in \hv toachinj^- 
learning funidions of Ium mu^i^imi exhibitiunh vvonld do well to fnmilinri^^ 
hiJiiHclf with ^ioivio of thiH matcriah Some ^^oud inlrnduclnry bonkH ini:lu(lo 
naker .iiuJ huU f^>71}. Manalkv (M^oa), aiiLl Kvmn (M^7l) (Mi thr s\-^r*MiV^ 
apiH-cnu h in inslriiclion, Pophani and Bakor ( h^70) on K^oaUrc^forcnced iiuUnic- 
lional di-a^;n, Tdhw vi al. (!tio5) and hspirh and VVilHanv. (1^67) on pro- 
v^raninnul iiv,trueiion, and Ciurlaih and ffly (i^^71), a j;eneral text on ItMiluiiK 
anil media, 

Applying this niethodology to museums would require, first, the development 
of reliablti nielhodB for nioainiring vifutor learning and pcrFonnnncc. Given the 
avallnhility of such inuaHures, the ''det^ign'' of a muyeiim cxhihition wcuild 
include ihc foUowing; 

(1) spocifyinK the instrikMinnal ^^oals (leandng cnitcomcB) For the partieidnr 

exliibitiun and establishing ubjeetive a^jHc^sment prQccdiirr'; ; 

(2) hrenking exhibltiun eontont: into instniclinnnl elements related to the^-e 
inHtriictional gonlH; 

(3) providing for Bonie kind oF visitor inlcraction with these inBtructiona] 
elcnients which would allow visitorn to respond, receive feedback, ctcj 

(4) providing specific learnini^ j^oalH for the visilur to achieve niuk vvhcf^ 
needed, additional incentives for learning or achieving these goals; 

(5) evaluating and revising exhibit characteriHtics during dcvelopmenl 
until visitor performance nieels original instructional goals (x-percen» 
visitors achieving x-porcent postcxhibit maHtcry standard). 

This final point cuncerning evaluation means that, whichever exhibition 
niethodf) (designs) are finally employed, they are evolved I'rn.piriailhf from 
visitor testing. In other word^^ the perfnrmance of the visitors ihenii^elvei^ 
validates the exhibition methods uat professional exhibit designers, educators^ 
curators, ur p^ychol^gists. The latter group e^Uablish content and goals, coordi- 
nate media and prui^edurcs, and ovahtatc testing procedures, but the visitors 
themselves establish whether or not these eFfortB have been successful oc 
need to be niodified. 

This inuans, of course, that an exhibit sliould be changed (modified) when 
input from visitor .estiiig indicates the need for this. The exhibit is adjusted 
until it produces the int-ended learning or beba\Mor changes. But, as pointed 
out in an eadier papiT bv IIun ^v^itl•^ (bcrcven, I^7Li), thih is almost iniptis^oblc 
at present because of the wnv thai most museum exhibit design, planning, 
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,)iul iiisLilLitipn-- art' lunv r<irritHl init. i^y tlu' liini^ ('\hibih> nrr firuilly inMcillid, 

llu'ir lnKl)U'!s IhiVM In'cfi (■vliaipainL thi-ir ^wv JifOtull in clum^^c, aiul 
•;«) OIL 

Hart is SheHi'l fp!7.\) li,)'. Miv-jM'MtHi tlu; um- of nuu'k-iip cxhil)ilh iliirin^* 

up i^xhilnls r.ni lu^ iiuMnnrcJ jiul ii^rj a'^ .1 ba^is lor niculif yiiij^ nptMifir lonv- 
poni'iil'^. Ab-o, il woiilil hv helpful if cxbibit biulj^cMh inrhubd vv^\vrvvH (or 
luakilh; b(U;l aJiua nwul- , i\ Libi!^ .inJ In.ih'l i sl'^ mmiM 1- innib* fir *vp,irr 
ohA!i|M% arul !,o on, 

1{ oiid ulirr ,nr urn pbiTiiirrn wish to i;ikr ':oritnp;ly llu^ itbsi tli.n inMHfMnn 
<-.hilMtton^ .1 r-.'.i'nii.iilv ui-a liiv I luiia! ( I (su hnu'. Ira? nni^> ) sv^lonvs il Will hv 
lun^- - nv It^ ni.ibc pinvi-ann-. Uu rshiiMl nn uli I i, a i n •svhm.I ^ai \M-ahn prriornH 
.1 ru 

11u'n' nn^ atlJitional hv\rn-) \vhi(b firrd to bo ooivudorcHl "ii i^vahinUn)^ ibu 
efficaoncy of any insu ructicuial systcnp iu or nut of nnUjULiins, ^uib as rust, 
nusin Irarninj^ timu, and pPivtMitai;o uf IrarntMs ni biuvin^^ a lUvtMi in st riu lioiia! 
.m.jI liu Jiiv Mvai u- iiHoal 'A'^lrii! liirrr ,no haib-olis for c u b of llirs(s I buv^ 
rvcr, di.riission of i\u'si\ faolors js bryond tho ^topo of Uii^i numogrnpb. 



flprcifyi}!^^ l)\Mrit{lh^)u\l Cnuh for rxJubil^ 

1 ht' apitbuilio!\s of bMniiti); and instriu tional iochnolo^d^''^ drprntl upon tho 
-^prcifiratioi iimtniL lional j^o^h (loarning outcomes, instrurtinnal obiectivrs) 
.ind ihc roba; ir mcasurniicnt of whcthor or not thoso instructujual ^oals are 
,uhic)Vod by thu ksiriiors vvhon thc^ inBtrui: tioiul systuni is appbod. Apjdioalions 
to nui^icums, tbrrefurf, rcquiiT that oxhibil planners icarn how to spceiiy 
in^tructionnl obj: tivos for exhibits, moasurrtl in ternis of lontti uf visitor 
performance. 

Briefly, defining instiucUonal objectives for an exhibii consiius uf Btating 
exactly what the victor shoukl ho .ible to do when lie is prcBUniod to have 
'learned'' soniethin^; fi'om the exhibit. Moro precisely, defining inst nutional 
{ibjeetives (learning* outccMnes) incbidrs: 

(1) the specificatinn of vvhnt i..c learner (museum visitor) if; expected to 
do .IS the result of exposure to the exhibit in lurms uf itiilou vcrlu' 
such as: lUVtit^ trrnvV;jj.% conipiur^ order, li^if^ Jisf ingnis/i, idcntiflh so/or, 

(2) the specific condilions under which this behavior (listing, naming; 
etc) ih> Bupposed to occi'*^; :..id 

(3) a statetnent of the minimum visitor performance that is acceptable; 
for example, the acceptable minimum percent of total test items 
correct. 

1 or example, the Keiior.il )>o.il oi an exhibit in\'olvin|; CuTok and Roman pottery 
mii;ht be the abilitv ot tin- visitor to distinguish between (ucek and Roman 
pieces. The instructinnal objective might be written as follovvs; 

Given Mx pairs of color slides c^f potterv, presented one pair nt a time in 
a test inaJiino, e.uh pair Liuitaining an example of onv Creek and one 
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Romsn piece, the visitor will correctly identify the Cfcek (or Roman) 
example in five out of six pairs, 

Npte that thi<^ stateirient inchides not only what the visitor does (Identify 
pottery), but also the conditions for choosing the pottery (^^given gjx pairs/' 
etc/) and an acceptable performance level (five out of b\k pairg)* Also, note that 
the statement is much more precise about what is expected of ^he viiitor than 
the origiiial gonorni goal of simply ''distinguishing between C^^^'^ ^nd Roinan 
pieces*" Specifying exhibit objectives Involves more than stating the purpose 
or goals of the e5<hibit in generalized terms. The statetiient -'this o^^hiblt will 
help visitors to understand the innuence of Greek pottery design Roman 
pottery' is not what is meant by an instructiorial objective ^t^tement of 
learning outcome. From such a statement, how can one distinguish between 
visitprB vvho have achieved this ''understanding'^ and those wh^ hav^ not? The 
word "understanding" has not been specified in observable tci'^^* Acts which 
cannot be seen or heard cannot be used in denning instructiorial objectives. 
Besides ''understand," other vague ternn§ that often creep injo vvotilj^be state- 
ments of instructional objectiv^es are '^to grasp the meaning of/' ''^discover/' 
"know/' etc. As stated eadier, instructional objectives use ftcHon mnbs like 
iicttyw, liBt, solve, rcjectf prcfar, because these force the instructional designer to 
deal with behaviors that can be directly observed. 

This 1^ not to say, however, that one might not hc^in wit^ statgrnents of 
sonie general goals or purposes fur an e><hibit. But it i^ iniportai^t that on^ dotiS 
not stop here. Once general instructional goals are established/ ^^^V rnust then 
be translated into a form that tells us what the visitor is e^cpe^ted to ^o after 
exposure to the e^^hibit that is different than before his yi^j^ This takes some 
practice and, perhaps, initial supeTvision by persons CKperienced in process^ 
bnt such efforts will be well rewarded in the long run when the exhibit designer 
is able to observe the results of his efforts directly in terms of tniproved visitor 
performance. 

There are a number of good introductory discussions and ho^^^^^do'"*^ hand- 
bopl<s on the writing of instructioncil objectives. In additicin tbe ^foremen- 
tinned te^t by Gerlach and Ely (1971). the reader should consult Mager (1962), 
Drumhellcr (1972), Scott and Yclon (1971), and/or Vargcis (1972). For a uieful 
and rather amusing treatment of how to get from stateniDnt^ generalized 
instructional goals to behavioral statements of ob)ectlvCR, see focent book, 
Coiil AiiaJx/siB, by Robert Mager (1972)' 

It Is often asRumed by many beginners in this field that the stcitcnipnt of 
instructional objectives in precise^ behavioral terms is necessarily hniijed to the 
teaching of cognitive matters— specific factual niaieriali^/ scientlf^'^ cor^ceptH, etc. 
This is not fo. Objectives may be suited in behavioral form [icith for cojzuith^c 
learning and for so=called nttitudftml or nffecfipe learning, Q^^mtivQ objectives 
may include the teaching of simple informatian, being abU to give new c?<aniples 
of a concept, applying rules to solve problems, learning to ^Tnalyzc problems 
into their componcntH, etc. Attitudlnal (affective) objectives wQuh' inchjde obser- 
vations of preference, avoidance behaviors, rejection, assignrnF^^ adjectives 
ti^ specific stimulus cnnditionH, rating scores. A number tif vyfiters have done 
cKtensivc work in developing ta^connmies of educational ob|ectiv't^^~both cogni- 
tive nnd affective. The most well known of these are by Benj^'^"'^^^ IJloom and 
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hh mllengueH (Bloom, 1^36, KrAthvvphl, Bloom et ciL, 1964) nnd Robert Gagne 
(1965). For introductory trc^itinents iind some modificntions of these taxonomies, 
see Drumhdler (1972), Gerlach and Ely (Part 2. 1971), nnd/or Pophnm and 
Bnkcr (1970), 



Vimfor Motipation 

An Dffectivti t^xhibit ^yBtcm ineludoB iiot only cantent tliai U clearly rebtod to 
its instructional ob|cctivD5, but aho certain ''niDtivationnP' arrangcnientB vvliich 
will mi^^Lim pruducHvi' .Uiundinn xnd clfort bv tht* vii^vvcr .ind discuumge 
nonproductive attending. 

From the standpoint of lenrning, thrre are some kindB of ''observing" or 
attenLling hdi^vinr^ nt nn cshibit thnt aru likely to be niore praductive than 
cithers, For example, such heh.wiors BcaiThing, reading labels, answering 
qurslioi^s. uniiparing th.u .K ieriHtic^*, making diHtinctions , iianiini^ and noting 
examples of principles nrc funw productive than random gazing at artifacts, 
^ucB^ing (nt anMwrs to exhibit questions), careless generalizations, Ignoring 
iinportant exhibit features, becoming diBtracted by other cxhibitH, etc, Exhibit 
motivational conipuuunt^ bhouUl bu designed to cncnuragc prcductivc attending 
behaviors and discourage nonprndiictive behaviors long enough for the viewer 
to be appropriately aftected by the exhibit's n\eBsage, 

While there are many factors which infliicnce visitor inotivation In niuseums 
(fur example, peer group interests, the ^'glamor'' of certain artifacts, ediicational 
background, nRi^euni fatigue, crowding), probably the moBt important under- 
lying factor is what happens to the viewer when he actually attends to some- 
thi4 in the exhibit. When he attenipt-'^^ to read a label, does he become con- 
fused? If so, thi*^ bit of productive observing behavior is likely to be discouraged. 
When he looks for certain features in Home vases, docB he find them? If so, he 
is niore likely to continue looking; if not, he is lively to quit looking. 

An important priiiciple in the experimental analysis of behavior is that main- 
taining anv specitic l^ehavior over time (such an ihe particular attending behav- 
iors li^tpJ oarlicr) Jpr^unds i n the cou^ci]iiC)tccfi which are cnrrclaled with thi?:^ 
beliavior. Therefore, to "motivate" viewers to spend the necessary lime and 
effort to learn from an exhibit, \m nmst arrange things so that productive 
exhibit^attending behaviors an^ I ollowed by cuiv,cquences which ciicuuragc their 
repetition while iionproduitive behaviors (gueHsing, floppy conipariHons, etc) 
are followed by eoiiseqiiences vvbicW diRCourage their ontiniiation. 

In other words, if learning from exhibits is dependent on looking^ reading, 
relating, comparing, etc., then it is necessary to niotivnte the casual museiim 
visitor to "do" theHc things by ''rewarduij*" him when he dues theni and not 
"rewarding" him when he doesn't. What might constitute etteclive ^'rewarding 
consequences" in public niuseuni^^? Coninion rewarding consequences for 
humans in niany U^arntng situations Include knowledge of results (feedback), 
the Hucce^^sfiil completion of a task or question, verbal praise, aiid pru^;iest^ 
Inward a pre-Cstablished goal, The eNperime!ital studies described in this inono^ 



15 



nr^ph h.ivc utili:^ed some of these niotivational con[iiigcncies in the museum 
exhibit mviroiimcnt^ 

Within the public-acccB^, \ohintary learning envircmment of the iTiUseuna, 
the use of question-answer techniques, ticlf-paccd autonnatic-stop audio tapes, 
teaching machines, portable self -scoring dcs^ices tied to exhibit cjUeBtions, 
built-in push huttons tied lu cliFfcrcntial feedback for correct-incorrect ansH^ers 
to exhibit qiicstiony, visitor goal-setting procedures, and coiriputers nr€ some 
of the \^^ys that lend themseiveg to the kind of motiv^ational controls we have 
been describing. There iii still much to learn concerning how to motiVsite the 
productive observalion oi nonuiptive, voIunt4.iry museum visitors given the 
prncticnl and aesthetic considerntions of the public museum cnvironnient. Hope- 
fully, some of the examples described throiighout this nuinograph^ while 
tentative in mmy respects, will stimuLite others to begin thinking about and 
expcriiUvii ting with this impoTtant task. 



Visit or 4ix} libit Fntcrnclioji Si/stemB 

One way of scctiring the cooperation, iittcntion, and control of the visitor's 
attending behavior at exhibits is to, provide for mtcriKlim betvvccn the exhibit 
and the viewer of the exhibit. To quote from ^n eiirlier paper by the author 
tHcre\'enj I ^^7^Li) : 

hi an interactive system, tho various elements tlepDnd upon one another iii some way. 
An inter.ittive nuiseiim exhibit wuiild involve an interdcpendency between its two 
main elements! tht Gxhibit and its viewerH. E^ch acts upon the other in a series of 
interdependent invents, via the rnudia of iVrtifactSj labels, iiudiO; questions, response 
devices, -Hiidus, etc. To .ichiove this interaction^ nnc must fiiul ways to (i) direct and 
^icqucnce vic\sfer n ttentiun to names, distinetinn^, rcla tionshipR^ etc., (2) provide for 
Melectivc responding by the viewer, and (3) provide for immediate fccdb^ick (preferably 
differential feDcihaik) fol lo\.vir\|', viasver responses. Bpedlic methods for .ichiuving 
this include the use puncliboards, self-scoring cards, ^ielf-paccd tape cassettes, 
computer termin.dt3 cnofd innted with exhibits, .ind &o on, Regardless cif the mothod 
used, the intoraifive sequence butvvt'cn the exhibit components (li) and the viewer 
(I') might look ^rnetliiitg like this; 

1, B directs to do sDmething that require.^ ''discriminative attention" (\.v , rcinv 
paring, order int*, matching, applying e^a^lpleH, eto) and asks V a cjuefition via 
sl;de, audio, (ju estion-sliCTt^ nioving panel, ccnnputer terniinah etc.; 

2 , I ' r es po ud h by ca r r y i n ^ u ti t i n t r u r t i o n s ( r e a d i ng 1 a b e 1 . c oni | ^ a ri n g brush s t r o k es , 
matchin^^ e^nnipleH) and answering tjiieslions by prcHHiny a button, marking 
an auHWcr sheet, etc; 

1. /. "leHpcindii" tt) action by 'dignifying ci^rrt't tnof^s of \''s response through 
chanj^t' iii itdnr- i^n .nvwcr HjuMl. oiu-et of ^-lidL* ur lapc. v\i\. if *uis\ver wm. 
icirrect. in more tonipleN iniLTactive eshibit'^ inctirre^jt respunses may lead In 
corrci ti\'e or reniedial information and sec)uen(iog; 

4. Ir V rQy-\*^'*\\\\<'^ LtirrtHtlv t».i |"srevicn^; ^*tep, /{ tlirtH:tH V to action and the 

a have j', rcpeaU'd, 
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Some of the possibilitios for providing for visitor interaction with the instfUc- 
tiund elementf* of miiBCUiii exhibits will be discussed in greater detail throughout 
this report. The spucifit applications reported In later chaptcn liivdvc three 
types of interaction systenns applied as adjunct s^^steiiis to e?(isting museuin 
exhibits! the use of individual prograiTimed audip tape cassettes, sl portable 
piinchboard response device, and a cQin-operated visitor self=tcsting ninclime. 

The use of visitor response devices in inuseums— especially in science and 
iechnology iiiusoiims^is not new, although many of these visitor response 
hyhtt'ins, pu^h buttLMis, etc, are not interactive as vvc have described this pruces^- 
Of coursc; some tire; such as electronic "'robots'' which move and orient tlieTii- 
sulvcB in rdcitioii to vi^uior vocal activity, electroiiic art exhibits vvhidi ''rc^- 
sponci" in rdatian \o visitor niovcnients or vocal activity, science e>:bibits 
which demonstrate principles by having visitors openito equipment that depend* 
upon applicatio n of the principle, some perceptual oKhibits, and so on. Huwcvcr,, 
the ^vailabiliiy dF some active visitor responBe—snch as pressing buttons— rfucs 
uoi ncccs:rnnhf Lonstitute an interaction systuiti. Exhibits that contain buttons 
which simpK^ light up a graph or turn on a motor are }\at interactive systems. 

A note coficcmmgpitBli bultoiis: As usually applied in museuins, push-biittoa 
displays do not constitute an interactive system. Piish-button displays frequently 
nrc used to start the disphy in motiDn. light lights, or begin a sequence. 
Unfcrtunatdy, few of these piish-buttcn applications constitute effective teach- 
ing=learnin>» sv<,tenii, hecause the push bultons seldom arc dependL?nt On m 
understanding of thcLonceptH piTsentcd in theeKhibitH, Far example, the buttons 
usually do not require choices or compariHons bclwecn alternatives that discrinu-^ 
luiie hctvvern n jmen, relations, properties, eKaniples, rules, etc. But such choices 
are critical in establishing the discriminations that make up the concepts that 
nrc j^upposcd to be coniniunicated. PuHh buttoni;, of coiirse, cmi be very useful 
ill interprotive cxhibitiDns when they require choices between alternatives, the 
coiwcijucncc^ of wJuch depend upon the visitor's correct use oF the exhibit'? 
information. But the avail abili ty of buttons, per sc, is not necessnrily of instruc- 
tional or coinniunicativc value. 

Harvey White (1967) developed several types of visitor response devices for 
use in the La%vrence Hall of Science which provided effective interaction between 
the visitor and the exhibits, and some of his erforts liave shown up in iTUscuni 
exhibits in Murth America. lltmTver, too few museum professionals have ^ivm 
much attention to the nic^neering eft'orts nf Dr. White. The Boston Chilclren's 
lVluseun\ h.is niany notewortby applications of interactive exhibits for teaching 
purposes, a^ do the Ontaiio ScicMice Center, the current efforts of the Brooklyn 
CMiildren's Musciinn tlie Lxploratorium, San i riUiiiHc^i, and othcr'^. 

Sonne as^pects invc^lved in the design of effective interactive exhibits are 
tli^;cus^ed in Chapter V. 



The Use of Antiio in Musciiim 

Theoretically, inped audio could be coordinated with exhibit instrurtipnal 
el*Mnent«' aiul N'iHiUir rcifiiuul ing in hiuii a way iis tu prtn ide >m i ntt^rac t ive 



17 



Rituntinn, or, nt least, to simulate on interactive situation. Unfortmately, audio 
is seldom used in this my in present inuseuni applications. 

Audic-tape systems are, of course, rather coninnon sights in nnany of the 
larger museums around the world. Some of ihese use transceiver headsets and 
transmitters hidden witlilri exhibits or tinder floors to brDadcast audio niessages 
to visitors as they come near the eKhibits, These systems transmit their inessages 
independently of the individual listeners and; thus, remove any possibility of 
visitor control over the pacing of the taped messages. Another approach^ in 
comn:.;n use in museunis, uses individual audio-cassetto players which are 
carripii by thu- visitor from display to display and manually stopped and started 
according to instructions Such lapG-cassiOtte players, of course, do allovv for 
visitor self'-pacing, although few museum scripts written for tape cassettes 
have taken niuch advantage of this. 

While these audio systems add a new dimension to miiseumis, their applica- 
tions, like the push buttons already mentioned, seldom utilize teaching-learning 
principles described earlier, Audio materials provide backgroiind sound effects, 
audio lectures, supplementary inforniation, and/or help guide the visitor through 
a seiies of eKhibits, In presenting cQntent, the audio does all the talking, does 
not a!>k leading questions or in othrr ways Tequire the user to make relevant 
discriminations within e7<hibits. Audio scripts are seldom (if ever) written 
arotuid specific instructional goals or objectivefi, nor tested for their effectiveness 
in helping the visitor learn. 

Nevertheless, the uge of audio in nuiseiims— especialiy self-paced^ individual- 
ized audio— has considerable potential for facilitating learning and communica- 
tion in the public museum (and othor public access environments). This poten- 
tial, however^ is not based on its use to present '^ludio lectures/' but on the 
important functions of gHidtit^ visitor attentiori to those visual features or 
relationships we would like him to notice, ciiciting visitor intwtvamctti via 
questions^ and providing fcvdhnck and motivntion, 

There are many options as to hnw audio might be used, especially self-paced 
cassetfe^*. Sucli caB^rttes are ps>ruiblt% they can he readily individualized, nnd 
users can proceed rt tlicir owti pncc^ Audio scripts can be adapted, not just to 
language requirements but to the interests and needs of different age groups, 
ethnic groups, educational backgrounds, etc. "Via audio^ the same (fi^ed) exhibit 
may be treated, for e:<nmple, through the eyes and voices of children, or 
Hcientists, or curators, or an ethnic group, and so on; or several knowledgeable 
persons may b^^ conversing with each other .ibout the exhibit, with the visitor 
"listoning in/' Tapes can "'talk" a visitor through an exhibit area, autoniatically 
stopping to ask leading questionH/ direct attention^ and so on. 

In other word^, selF-paced audio is flo'^ihlG and readily adaptable to the 
hctcrc^RencDUH* aULiiences of public nHiseurn settings, In addition to this flexihilily, 
however, are a nuniber of other features which have important teaching-learning 
iunctions. The most important of thene functions include the ability of the 
audio to: 

(1) direct attention to relevant exhibit information and control the orWrr 
or secjUencL:' in which d ifferen t exhibit coniponen^n are viewed; 

(2) relate various exhibit components to one another; 
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(3) fill iiiforimtion gaps important to the concept being developed (when 
these arc missing in existing exhibit labels, etc.); 

(4) ask leadiiig (Socratlc type) questions which involve the user in 
appropriate nctions; and 

(5) provide feidback and positive verbal cominents and praise imrnediately 
following visitor responses to questions (''That's right!'' "Good!'' ttc.) to 
motivate the visitor to continue. 

In the application of the last two features, It may be desirable m majiy 
instances to use tape units which stop aiilomaiimUy vvhen questions ct direc^ 
tions are given. Automatic stops have a number of art vantages, descfibed by 
Screven (1974a) as follows : 

They rcmDve the need for the user to engage in the irrelevant and distracting task 
of pperating ^ manual stop switch when he should be focused cn the task/ nor the 
switch. Quest iDns and stops can be used more frequently, allowing for shorter audio 
frames. 

They assure that the tape will stop when it is supposed to, removing the possibility 
that the user may not stop it when required, 

They ^llow instantnneous onset of the voice when the user presses start button^ or 
has responded correctly on a response device with a stylus, etc. This is not possible 
with manual stop^ bctau^e considerable [ape wiistantu (up lo lo iiocs.) must be 
allowed at ench stop point. 

Automatic stops can be provided by recording a stop tone on the tape, which 
automatically stops forward movement of the tape. The user can restart the 
tape by pressing a start ("GO") button on the unit. (VVhen used with a 
separate answering device, such as a punchboard, the answering device can be 
wired to the tape unit so that the tape restarts automntically when the visitor 
answers the punchboard question correctly.) 

A number of factors have discouraged the use of au toniatic-stop audio 
cassettes in museums. Most currentl/ available units require a geparate channel 
for the stop tones, which incroascs tneir coBt, size, and weight. Thiis^ it has 
been easier and cheaper to use low-cost nionophonlc cassette units which must 
be nmuniilhf Btoppcd by the user when he hears a signal. Reliable automatic 
stop tonc^, however, can he used with Iavv=cost (S30) ninnophonlc, portable 
cassette units. The author is currently testing such a unit for use in museunis 
and other -public access settings, and it has proved reliable in several muscuin 
applications. 

Another difficulty with the use of tape cassettes in n^useums is in situations 
of heavy visitoi loads. It is obviously not possible to give out caBgcttes tt> 
individual visitor^ at particular exhibits where there is heavy and constant visitor 
traffic. One solution to this problem, when the addition of self-paced; pro- 
f^ramnied audio is das i rah Ic* is to install a bank of five or ten separate cassettes 
within the exhibit itself, with automatic-stop^ ordless-loop features. Correspond- 
ing plug-in station s in the front of each display could allow each visitor to 
I>liig in earphones and receive individualized, proji* rammed audio from cmc of 
the bank of cassettes, with questions, automatic stops, etc. Such an arfangement 
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wotilcl have many of tlie teaching-learning advantages of self-paced cassettes 
and still be able to handle larger crowds, 

AutomaHc stops on indivldudized cassettes may not always Be necessary 
for a.-hieving effective Tesults when the use of audio is appropriate. In asking 
questions which direct the viewer's atteation to specific features in the exhibit, 
it is possible to simply provide a 5- or lO--second pexiod of silence (while tape 
is stUI running); during which the viewer exainincs the cxhitit arid answers the 
question covertly. Following this silerice, the tape provides appropriate fiedback 
and reinforcement as in the case of the autoniatic stop tape. This provides less 
''control" over ihe viewer s behavior md assumes that he will cooperate by 
trying to answer to hirTiself before the 5 or 10 seconds are up. Our own tests 
of this procedure have indicated that rnost visitors rfo cooperate (see, for 
example. Study 2 in Chapter III). How^ever, in these sticcesifd applications, 
''answers" to the questioris asked on the audio v^ere q\iicl<ly available by 
examination of the refererce cxliibit and _ the concepts involved were very 
simple. It seems likely that auto-stops may be more ittiportint^ in situations 
requiring more effort and time from the visitor in nnswring questions, and in 
which the need for self-pacing is greater. 



Other AtidhviBual AppUcntiom in Mifsmm^ 

Audiovisual displays, such as multiple-screen slides, continuouB^lDop Bmm 
movies, and Llosed-circuit TV, represent another inroad of inodern conimunica- 
tions technology within mUBe\ims= Sonie cf these media presentations are 
outstanding in their conterit, drama, and professional delivery; and they often 
can be shown to be effective in obtaining and holding the attention of passing 
visitors. But., again, many of these media presentations are poorly coordinated 
with the primary objectives of the exhibit area in which they are located. 

lilce audio, the potentials for slides, movies, and clo^ed-^circuit TV media for 
augnienting and facilitating e5<hibit teacWng functions, both cognitive and 
eiffective, are probably immense, But their current applications within museums 
iililize, at best, only a small fraclion oF their instructional communication poten- 
tiah Ideally, the unique properties of these media would be niore carefully 
coordinated with the instruclional and behavioral goals of particular exhibit 
applications and with the various e>chibit elements such as artifacts, labels, 
panels^ etc. 
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General Procedures: 
Skull and Animism Exhibits 



The chief task of the present studies was, to expjore some possibilities for 
facilitating learning by tlie voluntary museum visitor at existing fixed exhibits, 
without major iilteraticm of the exhibits themselves. Therefore, in the studies 
reported here, the exhibin, physicnlly, were left as they were, and the guidance 
and feedhAck needed for facilitating attention and learnini were provided 
through the use of audio cassettes and portable visitor response devices, The 
cassettes atul response devices served as adjuncts to the pre=existini exhibits to 
give them Interactive properties. 

The principles applied in the use of these adjunctive devices are, of course, 
applicable in design inp, the original exhibits themselves. Discussion of some of 
those possibilities may be found in Chapter V. At the time that the initial 
investigations were cordiicted. It seemed more important (and less expensive) to 
SCO how the vohintary nuiseum visitor would respond to interactive sys- 
tems tied to existing exhibits from which predefined learning goals could 
be identified. 



Basic ComponentB of Exhibit Systems 

The basic components of the system tested In the first series of studies are 
shown In Figure 1. The visitor first approached (voluntarily) a freestanding, 
fjamelike test machine and. In the process of plnyinR it, answered a set of 
criterion questions reflecting the instructional goals of the particular exhibit 
system. He then prcc»?edi?d to the exhibit, where he was exposed to the exhibit 
learning prDcedure bemg evaluated, in this series of studies, the learning 
procedures consisted of from one to throe components, shown in Figure 1, 

(1) the physical oxhihit Itself (which in this series of studies was left 
unaltered) ; 

(2) an mdlvidunl audio tape cassette, worn by the visitor and used to direct 
his attention to relevant dotalls and relations in the exhibit; and 

(3) a portable pririch hoard question-answer device on which the visitor 
could respond to leading ciuestlons and obtain immediate feedback. 

Following exposure to the exhibit learning procedure, the visitor returned to 
the test machine for a posttent involving the sanic set of criterion questions. 
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Visitor Entry 



Ti^Bt Mnchi] 



Exhihit 



Audio Cassette 



Question Pinichboard 



Posttcst Mnchhie 



Fi\^Ht'C i. SchcffhUic ilii^^rtittt of the bnsic coviponrtttB itt skull tutd iuiimiftti $tuiii> 



(TheBC criterion questions were also avaiUble in booklet form, used in some 
studies to be deBcribed later j 

The audio was a Norelco cassette ''Carrycorder/' worn over the shoulder and 
used with earphones, A solid-statu circuit, designed by project staff, enabled the 
tape to be stopped automatically by a SO-cps tone'recorded on the voice channel 
of the cassette tape. Thus, when a question was asked, the tape stopped auto- 
matically. When plugged into the punchboard question unit, the tape restarted 
automatically after the visitor chose the correct answer. After incorrect answers, 
the tape remained silent. 

The punchboard unit is shown, along with the cassette and earphones, in 
Figures 2a and 2b, with and without a question sheet The punchboard was 
designed for use with the audio cassette powered by the cassette's 6-voIt battery 
power supply,^ 




Figure ^n. Tho qticstion pimehhonrd devica (without f^^me ih. The qti€Btion punchboard device and nudio 
qWBt'i&n sheet) nnd nudia caBsvttc usthj to provido ciusctte with a iiucBtion $he€t ott the iktdl displny 

^uidmicc and fvcdback a! rhc test exltibifs. ifwerted on the punchboard. 



-A more porUible voi>ion nt thin puiuhbo,ifti U f^Iiown in Fimirt* 2^(13), Chapter !V< it can 
hv LiHL'd Willi ur witlunsi auitsnu^tiL-sUip \,\pc ca*iBeUc. 
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Question shcots were pUiced on the face of the punchboard as shovyn iii 
Figure 2b, One or more 5" % 7" sheets of questions could be used. Questions 
were answered by nunchlng holes with the attached stylus. The stylus made 
contact with one of the two underlyiag circuits providing the rlght-wroag logic 
of the device, A copper answer-key contained holes punched for the correct 
answer locations and vvas sandwiched between the iipper punchboard and the 
lower ''correct" circuit. Stylus contact through the answer=key to the ''correct'' 
circuit reactivated the tape cassette and punchboard light panel. Each answer 
also made a hole in the paper questicn sheets thus providing a permanent record 
of all responses for later annlygis. 

Thus, correct answers autonunticall>^ restarted the audio and briefly lit a small 
display of lights on the punchboard panel (f^ee Figure 2b) as an added signal 
that a correct response hud been made. 

Figure 3 shows the cassette and punchboard devices being used by a visitor 
at a primitive skull exhibit, one of the test exhibits. The punchboard was small 
enough (2'' x 6'' x 9") to be held and carried about by the user. At the skull 
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t^dnibit, many visitors took advanUige of an open ledge in front of the display 
m the visitor in Figure 3 is doing. 

In accordance with the considertitionri given enrlicr (Chapter I), the audio 
scripts used in the present studies included key exhibit relationships^ directions 
for wliere to look (for nameS/ shapes, etc.)/ commands to answer punchboard 
questions, etc. (See Appendixes B and E for some of the audio scripts used,) 
The audio immediately following each question included remarks such as 
"'Good! The skull was Neanderthal/' before continuing with the next segment 
of the script. 

In Garlier studies, some pilot audio scripts consisted of "conversations" 
betwcGn several persons with the visitor as a third party. In another script/ the 
skulls in the test exhibit were given voices with appropriate accents and a con- 
versntion^il style. It was believed at the time that these script styles would 
provide more interest and help sustain attention. They proved unnecessary^ 
Kovvever, even for the younger (10- to 1 l-yedr-old) participants. Visitors were 
more interested in answering the questions and getting the necessary directions. 
They preferred shorter scripts which dealt directly with directions, simple 
Gtiformation, etc. Audio scripts were eventually simplified to include only a 
siingle (mcile) voice whose statements were confined to simple exposition, to 
directions needed to answer upcoming questions, and to confirming correct 
Sinswers. 



Punchbocird Questions 



pLinchboard questions were designed to help the visitor notice those aspects of 
the exhibit related to the instructional objectives. Questions were developed 
through preliminary floor tryouts on the punchboard at the exhibits. Stylus holes 
provided n record of all responses. Each week's performance was analyzed 
for errors, etc. Quest ions on which errors were made, together with the accom- 
p^inying audio exhibit labels and other features of the exhibit, were reviewed for 
pos-sible ambiguities, errors, inconsistencies, etc., and were revised, retested, 
tiRid further revised until at least 90 percent of the visitorH over three of four- 
tests obtained at least a 90 percent score with errors distributed ncross 
Ihy questions. 

During devrlopmental testing of the punchboard quest ions, little difficulty 
sw^B experienced in obtaining the continued sittenlion of most visitors to the 
quiestion-nnsw'cring activity. However, if it was possible to guess at answers 
without looking at the exhibit, or to reduce likely tinswcrs from the wording 
of the* questions themselves, visitors tended to work with the punchboard with 
li^tlle or no attention to the physical exhibit in front of them. Thus, a question 
mch as "Neandcrthars skull is (a) more pointed, (b) less pointed, (c) about the 
Mnie shape as Cro-Magnon's skull" would often be answered withoiit the 
v/SrI tor's having looked at the exhibit. To "force" exhihit-observlng behavior, 
qiiestion forniat^ were designed so that the exhibit and the audio were both 
HiiH essary to determine what question was being askecl, 
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Pre-PoBtti7Bfin^: Machmm and General Procedure$ 



A separate gamelike machlm Huns used to test visitors prior to and following 
exposure to particular exhibifc learning systems. Since visitors were expected to 
resist taking "tests'' whlle^ visiting a museum on their own time, it seemed 
desirable to make the tesltlji^ lituation as attractive as possible. Observations 
of visitor behavior throug.hai!^ the museum indicated that they were easily 
attracted to manipulate ^r^cs^^^ding objects with buttons, etc. We therefore 
attempted toutihze this common curiosity and interest in ''gadgets" in designing 
the prc-posttest situation. 

Several prc-posttest machines were developed and tested. One such machine 
is shown in Figure 4, ^vith a visitor answering one of the criterion questions on 



Figure 4. A vtBitor nn^wcrs ont^f th" criterion questions, usin^ an 
aittomauui prc-posttc$t slide fmckim^ RcsponBc lnttton$ are Jocated 
directly hi'low iinsiverB alon^ tk^ of the projection screen. 
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Hkull^< On tliin device?, jlvc-choice nuiltiplc-choice slides .uo automatically pro- 
jected on a liir^'^r (24" x 36") si;recn. Five tinnvvcr buttons are tirranged along 
the base of the screen diructly under the choiccB for each question, as shown 
in Figure 4, In order to minimize the role of the pretesting sltiiation as a learning 
situation, no feed back was given after an answer was chosen, After each choice, 
the next question \vaR prCHcntcd rcgartllcss of the corrcctnesfl of the previous 
answer, QuestionB were prepared on 2" x 2" slides and proiected by an Ecto- 
graphic Kod.ik Cnrrouscl (Model Upon completion of the sequence 

□ f questions, thr projector autuoiatically advanced to the beginning of another 
tc^t sequence md turned off. To discourage visitors from playing with the 
projector by stepping on and off the fool pad, a timer kept the projector on for 
about 10 seconds after the viHitor stepped off the pad. This procedure effectively 
discouraged most persons from such actions. The systenn was housed in a 
cabinet manufactured by a Milwaukee coin-game comptmy. 

The test niachino stood near the reference exhibit, but not in visual con- 
taLt vvith it. A remote IBM card-punch machine recorded each answer along 
with the visitor's code nuniber, age, and educational level 

A second type of pre=posttest machine is shown in Figure 5, This was an 
''MTA-400 Stimulus-Programmer/' adapted for public=access operation.'^ Test 




figure Prc-pofittrBt machine prcBcntufs^ hfpCii cf itcrion qucBtmis oti a 
paper roll, Rc&pome buttons iirc larntcd at lower rikxht on the fncc af 



qucstionH were printed on a continuous loop of paper Indexed so that questions 
advanced and stopped one at a tinie in the viewing window shown In Figure 5, 
Questions were answered by pressing one of four response buttons shown at 
the lower left of the maLbinc, As was the case for the slide machine, questions 
advanced rcgardlcsH of correctness so that the visitor received no feedback on 
the correctness of his choices, A foot pad switch activated the system. The 



'' Jhv in\)\mA\ r(iniii\t'iiii\l unit vvns n p^ipc?r=fiHi lonchinj^ nicithine vvith progrnmmcJ tnn- 
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visitor received Instructions from a telephone mounted to the right of the 
machine, When the visitor picked up the receiver, the instructions were played 
from a Cousino continuous-loop tape player. 

Pre-posttests were also prepared in booklet form for comparison with the 
machine mode of testing and for use with a retention study in which follovvup 
po^ttesting was done in the home. Each question was prepared on an SVa" x 11'^ 
page (protected by acotate), in color, and in a format identical to that used for 
the same question on the test machines. Responses to booklet questions were 
made by circling the choice on a separate answer sheet provided by a project 
staff member. 

Visitors who participated in the project's studies were not directly approached 
by project staff, but became involved in the system after they had approached 
the pretest machine or the nearby reception table (sometimes because they were 
interested in the punchboard devices seen being used by other visitors), A sign, 
'Try Our New Testing Machine/' was located in the pre-posttest area. 

Descriptipn of the posttest questions and the procedures used in their devel- 
opment and final selection will be given in later sections. 

Over the total period of the pn act, more than 1400 persons voluntarily par- 
ticipated in floor toBts of various experimental conditions. This figure excludes 
the 600 visitors whose responses were used to select criterion pre-posttest ques- 
tions. Except for summer months and holiday periods, attendance at the museum 
was too poor during weekdavf lo justify the small number of subjects obtained. 
Therefore, much of the data to be reported were obtained on Saturdays and 
Sundays between 11 a,m. and 4 p.m. 

The freestnnding test machines shown In Figures 4 and 5, and the punch- 
boa rd-cassot to learning units, did well in attracting and holding the attention 
of younger visitors of intermediate and high school ages from a wide range of 
socio-economic backgrounds. Of the 1400 visitors, about 75 percent were 
between the ages of 11 and 17 with from 4 to 12 years of schooling. Approxi- 
mately 30 percent were nonvvhites. While participants included persons up to 
52 years of age and persons with advanced degrees, the median age was about 
14,5, Adult visitors would readily participntc in playing freestanding question 
machines when they could do so in relative privacy, but were often reluctant 
to approach staff to obtain the punchboard or cassette units or to commit them- 
selves to the time involved. Advertising special incentives, including cash awards 
for good test performances, did not improve adult participation. 

Visitor participation took place under a wide range of crowd conditions, 
times of the year, distracting circumstances, and social pressures from peer 
groups or family. 

Developmental arid Explomfori/ Stiidim 

Over the period of the project, the pre-posttcst performance of visitors was 
compared under a variety of exhibit learning conditions with different types of 
audio, coniplexity and length of materials to be learned, and different motiva- 
tional conditions. Tried in early exploratory work were different kinds of visitor 
reHponse systems, prototype models of question-answer devices, different styles 
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()(■ iiiulin, .iiul a \Mn(Mv ol [MO^^iMilis Ihi'.-vil on cliHcn-iU list'; nf in .h iic tjonril 

In VAi'livr pilol ^UnJif-, wt' inulorc^thnatctl ihr .iinount of iiUoroiU vi?iitory 
wduld havr* in di'voMin^ tinu' ditd rifor! It) tht' uxliilul-UMrnin)^ in.iU'ri.il'4 siini^ly 

ti> .11 lufV!' * ni i rt ( .nr.\S'i'i ^ ciu 1 luMt j m ! i U M m hi U I ( m f ' J !( Ul ' « , !\n lirl slliiiiO'. (iff^TiHl 

^ ,p.h iniCiiMvr'* lor »uliii*vin)^ |HV*tU*'U si InfuntivcH imuj^ihI li'oin 25^ 

t(! s i i( vi'»ij(>i-'' ioukl ,n liirVf six nn[ nl 'a'vc'n qiH'stion'i t ui'r(H;t on (lie fjkull 
p()S[[(-a (cHily ^t'vni tfitiMiun tjiiChllcins wvvv u'hmI in [lOfUtcsh; in ihciic etiiiicr 
stiiJu's). No si);niiu.Hii diih'rtMuus wcMC (nund amon)^ the v.iiiuim ninnclfuy 
levrls. VVliik' po^aii*'.! prrluiiniiiur of thnsr vi'iilur - \v!in wnro offurcd money 
\sMi^ sonunvhat In^ilvv (li.in that of visitors offrr(\l noilun^^, tliu improvement vva'^ 
i)\ bo\dvi\ii\c .^ii;nint \un. t ^aatiHlirally. 

Our orij^innl concern over the need for exlrinMic visitor uuilivatiDn abo led to 
the df^si^n and teslinj* of a more elaburate pinuhboard, which contained n ficorc 
paneL Ineorreel respoiu>e^» were "punished" by hubtrat ting from the accumulated 
score. Thi^i feature wan intended to discouraj^e carclefis guessing, which we 
expected vvould occur with many viHitors. But compnrisonH of the use of this 
syHlem with the simpler pimchboard sho\ved no dilterenccf; in vinitor perform^ 
ance, eliher in terms of f:^rrors made on the punchboard questions or on puuttest 
questions, 

It sub'.f :cntly became cleat that most visitors did nu*^ need special incen= 
tivcs or su^ring devices to motivate the necessary nttcntion to the exhibit 
niaterials, High poslleHt performance began to emerge as the programmed ques- 
tions and audio materials improved nnd the criterion questions used in pre- 
pobt testing were more carefully related to the eNhibit learning system. 



Exr ■rinieirh.ii Sl-ocNes: 
Skiiil a ikI A 11 ill! is ill |-;xhibii^? 



Fur iU- puiiur.M. ul liiP. itporl ur slhi!) coirulrr ui inmr J^dil ih- pin. vduH-. 
and n-uilts t)l m\ iiivrsth^ntiniv., wliidi utili/(Hl llic i wWinm [vui qticsliuns .Hidio 
st ript'^. anil piuu hlnuu J ijuus! iiuv, whidi (uiallv f^vHilvial 1 khh ihr tMrliiM^ exploni'= 
turv invrhti^;jtion^. These 'auuit-- .UkMnpl lu rvalunlr tin- mk o( thr pxhibil 
piinihbcMrdy .HiJio, .nul thr prrlrstiuK vspvvUnnv in l.uilitnUnH Ic^iming (mm 
tw(» ,^xppn,npnt.il tr.t (^xliibitn: llic skull dv^vUv M thr A^^c ol M.m exhibit ciml 
^ (lisplav on animiMu aiul '.h.nn.uuMii in iUv Wall o\ Rnlij;iun. Tbes will hv 
tfuiMiieied in order ul iheir Oituvvvinv, a\oiv\ with thr prtmnry reiulls. Con- 
, hfHicuu^ .uid diM ip.Mon of llu-.e results as a whole ^vdl be ^^\yvv^ in Clupter V. 



Crilcf'ioil Otic^tiofw: flkull ExJiibit 

DrvrlopmviW ol j hn.d aM oi rriterit)!! qiii'siintis lor \\-^v nil iireiHisUestn at 
the slaill e\lid^it was h.^ed nprti innr kinds of hebavinrs related to the five 
primitive skull arldai ts ol the displnvs. I he^e were: 

( 1 ) naniine, the skull ; 

(2) niatehin}^ the |>ropt'r skull to lis iiaiiie; 

(3) orderui^ the skulls bv ajre; ,uul 

(1) ord(MifiK fbf" nanu^- ol the skulU by aj^e. 

Two Kodak C'arioiisel irav^^ ol I dO t oUued shdes svere prefiared, eoverinH 
various uindiniat ions and lorinat- of the abuve behaviors. I'lui Slide- Ie?t 
Machine described earhur i\'\\\urv -I) was set up iti a ball area near (but not .it) 
the ^kull exhibit, ll w.m lonneeted to ,i reniote IDM laiil puiuh, whiLh recorded 
eaeh visitor^ response to eaLb qtiestioo and whether or not the reHponse was 
torreei^ No one was in attendanie, so e.uh V'isitor npproaehed and operated the 
niaeblne on his (uvn. No leedbaek wuis ^uven to the visitors on the eorrcLtnesB 
of their responHes, 

The mai^hine retnained on the floor for aliout six weeks. BnHeline data weru 
ohtairted Ironi over ^00 r't^r^'Ons on each of the ioO shdes. The^e data were 
analv/ed hy a SAP (Statistieal Analysis IMekage) program, which provided 
a 5 X loo nuitrlx of choicen by slides giving the nutnber of responHcs on Ciich 
choice to each slide and percentage o( correct choices for each slide. On the 
basis of this analysis^ all slides on which the»e were mote than 30 percent 
correct responHes were rejected. This reduced the total number pf slidcH by 
more than 50 percent to less than 80 slides. 
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ri\nin' 6. T/m' 12 criterion i^nr-^Hinifi im t^ktd. 



I \\v rcniainiiu; ^iliclus \\vvv [hrw in 
jit-r^ with llio .uklitioiiLiI prcn/cHjurc > 
l^)' visitors alnail the slides tinti iiUer 
underst.iiuhni^ ol ['iii'tii L1L11 shilc^s, \vi 
An adJitional three* \s^ueks, duriiu; 
the inattMiah^, the t|uestionh uere le 
unarii[M,micnis and still resiilteLl In le 
20 slides weru tlien reLkited to a iotA 
mum nuinluM oi ^^litles that Hanifh 
earher. rhese 12 ciitei'icin qiK'^ HonH c 
they were preHented. The skiilis in I 
appruximateLl the artifacts displaycil i 
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Hprrf to fr^t the cffectn 



J in the same niiu hine In the snnie man- 
litiviiu; ubHervor^* record remnrk*- made 
[Hving indi\'idiial visitors concerning their 
t tiiey thuught was anibiguouB, etc. AttcT 
hich over 200 niore persons completed 
aed to a total of 20 slides, wliich were 
than 30 percent correct nnBVvers. These 
of 12 slides, which represented the mini- 
the lour criterion behaviors described 
' i^hosvn in Fi^^ire 6 in the order in which 
e actual Blldes were in color and closely 
the exhibit. 



PtmcJihoard QncBtions: Skitll Exhil 



While tha^v criterion qucHtioti^ vvctc being 
grams were being tested for use at the exhi 
described enrUer [or i\w five hkulU. 

Early programs attempted to teach the 
skulls and order them in ternib of cranial 
eye ridt»es), .uid the ^hape uf the backb, 1 
questipnH printed on liiree separate sheet 
ceHHivuly). Together with ihe audio, this 
coniplete. 
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bit 

; seluctecL auJio and pLinLliboai J pro- 
ibifc for devGloping the four behaviors 

visitor^i tu diHi/riminatu beUveen the 
1 area, muscle protrusions (in chiding 
The program included 24 punchboard 
ts (placed onto the punchboard 5uc= 

program look about 25 minutes to 
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A\\t'i '>v\'viM vvvi'dinv*, [his llir(*{'-]^iH^(' proi^i'.iin cvtMidially yiuldcd at !e..u;t 
*H1 pciit'jU MHhnI an^-AViM'f. loi ninic than ^^0 [uiiunt i)\ ihv |)artiti|"?anti^, 

rhi' nuMii pi)s![i'.t udif !or !hi". n's'ist'd !lirc'i;~pa),^L' prin^ani was bctirr ih in 
73 poi.ciU nil llu' 12 u iiiM ioii qnuh iloi is ut'^iiiilnul iMrlicr. I hnvi-vcr, inturvit>w*i 
wilh [nu1ii ip,i!il'- A\\vr ilir fuv^tirsi iniliiatcil \'i*.ijnr i'f"as(,iiu'p to it*; /".'^--miiiuU 
Ni'\'*M i l)i'li''iS, IK' N'l'.iUir wrv t[iiit [hM(M'o finisiinu; it. 

HiH aih'T (>l il'i k"--^^'\V{' It'iH^th, il was Jrcidi'd In Imnt (lisiussioii \o ihv 
iiiniitti iivi'ii die basiM (or clii^criminalionih c'liniinnliii^^ sluipii of back of head 
aiul iuti'.(. Ir [Moli Lr>ioiv.. Tlu^ audio ^ nipl and quf^^lions wore rt'diucd lo a sin^dc- 
p.u\r pro);rtini of 1 i|iK"4iMiV' liujuirhi)^^ about 10 to I?, miniili'*; tn coniplrto^ 
MiMii \Hih[[V'A 'noil' for ihii. HbcntiMUHl pfo^raiii (n 75) tbtippcti lo about 
i--u ncrii'-oi, ^.vbiib} Ic'^s^tM' Hi-ui OLir i >b jt.M, 1 i v< ' u| .it I<sua 70 [ i *'nl posjti^st 

'•t/oftv rMtor rninrn' !{-\'i';iiiiv. in svoriling, lliu hb.ortrnrLl vrrsion firiiiby yielded 
niuan poslte^U Hiort*^ o! 7o priHuni owv (c>ur vSTckH of tolling. Ibis vcr^sinn 
btHcimu ihv piayjwm uh'lI in the exf^i'i iintMiKi i ^tiuht'S Ji^st ribed beknv. Thhi 
verHion in idiown in /\i)pundiK A. 



Skull Stiiiiics h iiflii 



r U D Y I 

rU\'> 'Uiidv iiuoU'ctl ,1 [ot.d ol 201 v'i^iiors tu'^cHl ovvv a IO-nionlb pcriofj on 
[hv 17 t ril^'ilon qut^^Uioiv- on ^^kull'i doscribcil cai'bcT (bi^uiro h) , u'Ansi^ the 
Miiortcnpd 'ni^Klc-pa^*c version t^f ilio I caching prfi^uanh Tbo HiibjcclH (^vi) 
r,i!iK(Hl from 10 to J^O x'cmts ol a'^r^ (Mdn l who wcvv in ilw pinct'H*^ oF 
rxphuin^f; the museum in the nroa of ilio skidl exhibit. The niiijorlty of bf' fabDut 
75 in^rccnl) were between I I. aiid 17 with 4 to 12 years ol luhooHng. in all 
n! tiu- 'Aoi^k iii the prc^jo! t\ ali '-of io t-t, ijOi^mi^ -^^roiips wvvv refTresented and 
ap'pro\i[nateI\' 70 per<.?,Mit w^'i'v nonwhite^, 

i our \^rnups ol swrvv tested untler hnir exliibit leainin^^ eonJitiiins, Faeh 
of the iXnuhtioiVH was run on 'Uieee*>si\'n testiin^ da\^s luitil no than Ah S'j 
wero olMairuxi Srir i oiuJitieMi. Mu.' Ii)ui expn inionial l Oiuiitions vvorr- a'-^ 

lolkuvs: 

M-C('vuliii(j}i (n 50) : Both the punehboard and eassotte tape shown in 
Figure 2 were used to lelate the visiior to tht: i^xhibit. k.uh 5 took the 
pretest on the te5t machine shown in rij^uii* '1 without Feeilback, Me was 
then );i\on the cas!;ette tape anti punehboard and sriit tn the nearby exhibit 
^\ !iiMS' he v\-o]^k<"'d on own uodrT !h{^ i tirci/! ii^n. nl I he iUuhn c|i">! imo^n 1 
i\nlier, an.cl the puruiibjaard tfuestions. (See Af^peiulix A tor punehboard 
quesUons .nul Apfiendix I> tor audio seripts.) Upon comp'-tin, of the 
['sj'Oj^r jinmecl oueslion-., .S' returiicd to the test rruiehine ancl ri o/K^k the 12 
f^retest tjucstions, nj.^iin wMthout fecdl.nick. 

AQ-Co)hlition (n -51); Oidy the aiidiu caHsette was uned, 'loiliioui the 
puinehbDard. The 16 questions formerly asked on the punehboard were 
inserted on the tape in appropriate spots, Tlie 5 eouki answer the questions 
only to himself. Each audio^tjuestion was follLnvetl by a five-second gilcnec 
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bcfort- audit) aHifirnialion t)f the cornvl answer and continuation of the 
program. Except for ihv quoKtionH, iho audio Hrript vvas idontiral tj thai: 
used imdcr the M Conditian, 

H-Catuiition (n 51): The cKhilii ilsnlf wa^ mvd vvithnut firher the 
aufliij r.i^^^rito ot iho pmuhbD^Md. "Vhc 5 vvas Icf^ ciUiicly on hiu own lu 
proro'^i vvhaiover iiiformation lie rould from the labeh^ and physical layout 
(if the evhibit, wilhoiit ^^uidanre or feedback. Each S took the pretest a;^ 
in the utiier conJilion«i and was then told to go to the eKhibit, study It, 
and return for a test on the machlnD. 

£ (NP)-Conditioti (n =^ 49): Identical to the E^Conditlon, except that the 
S waf; di uctcd lo the exlublt lioinrc iakin)^ ilu^ ciit^Micui tent on the tc*4 
machine. Thus, 5 was exposed to the exhibit without prior knowledge 
obtained through the pretcHt about what the instruetional objectives might 
be. This represented the ''normal'' learning situation for most museum 
exhibits, 

Prctcr-f RviMiUs, A frequency distribution of pretext scores for the 201 Ss 
tested in Study T is shown in Figure 7 along with the theoretical distribution 
(dotted line) which would be expected based on chance alone. These curves 
show criterion test scores plotted against the percont-visitors obtaining these 
scores. As may be seen from Figure 7, the pretest distribution is very similar to 
the chance distribuliun, bhov/ing only a small pre^exhibit knowledge of the 
skull discriminations involved (skull naming, skull ordering, etc.). The mean 
pretest score for this group of 201 Ss was 25.2 percent, about 5 percent above 
the theoretical chance mean score. The pretest distribution curve shown here is 
very similar to the pretest distributions obtained from the more than 450 Ss 
tested prior to Study 1 during the development of the programmed materials. 

fiyjiic 7. Iriunicnc)! di^triJstitian nf p^rtr^^t Hrorr^ for thv bkiill exhibit 
(ti r:i: zoi) cofyijinrvil with rxp(h-fnii chaucv iUbtrihtition. 
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rij>iirc 8. rr,':uicm\i diMrihuHoii o/ postti'sf scores for M-Condilinn 
fti '' TP) (If skull ,'xhihit cniiruircd with pretest scores (n = 20i). 




ViKUrC 0. Frc,]HCtic}i disfrihution af pojllefit scores for AQ-Condiiion id 
nkidl cxiiihit (i! ~ Tl) compared with prciest sccircs (n = lot). 

This distribution and the mean and median scores proved highly stable across 
different times of the year, different days of the week, etc. 

Poitlcst Results. Figures 8=11 compare the frequency distributions of each 
of the four conditions with the pretest perfomiance for the cornhined group^ 

Figure 8 shows the distribution of posttest scores for 5s (n = 50) exposed to 
the exhibit under the M-Condition (punchboard and audio cassette). Perform- 
ance, incr.-astd sharply over pretest performance with over one-third (38 percent) 
achieving a 92=100 percent posttest score. Over one=fourth (26 percent) received 
a perfect score. Mean and median performance for the total group were 72,8 
percent and 75 percent respectively. 

Figure 9 shows results for Ss (n = 51) for the AQ=Condition (audio-cassettc 
and audio questions only). Performance was similar to the M-Condition (Mean 
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- 71 pciTcnl, Mdn " 79 percent). Apparently the nvailabiriy of an overt 
rcsponHc dcn-ict?, such .in the punchhonrd, was not es^cntinl in achieving high 
posttest perforinuncc. About 40 percent of the Ss achieved a 92=100 percent 
score. It bhould be noted that the AQ-Condition consisted of the audio script 
nnd= audio questions which had previously b€:cn tested with the punchbonrd 
and revised until able to yield a mininial error rate (5 percent vv less). 

Figure 10 shows the results for the E-Condition (n ^ 51), which involved the 
e>diibit only, luitUoiil audio or pLuich board. Alter taking thtj pretest, the visitor 
studied the exhibit wiLhout benefit of cither the punchboard or audio CcTSSCttes, 
Mean posttest score dropped to 57 percent (Mdn score dropped to 50 percent). 
Soine visitors still showed considerable improvemenit, although not as dra- 
matic. illy is tliey diti under the AQ ajul M conditions. About 19 percenL of the 
visitors obtained the 92-100 percrnt leveL Although these Ss, during pretesting, 




Ti^^urc 10. Vrcqucncy diffrihutinn of poMipft BrnrcB at Bkiill vxhibif for 
E-Coniiition. (n 5/) compared wUh pretest scores (u ^ 20 i). 

received no feedback or other knowledge of how weU they were doing, the 
pretest experience probably provided important advanced in formation re instruc- 
tional objectives. Such advance knowledge may have helped some Ss to 
''process'' effectively relevant exhibit information. 

The importance of this pretesting experience in helping some Ss to learn 
from the exhibit was substantiated by the results obtained for 49 Ss who 
studied the exhibit without taking the pref^st (E (NP)-Conditlon). Figure 11 
showf; the results for thii. group, and as may be seen, the distribution of scores 
closely approximates the distribution of pretest scores (dotted line), with mean 
.md median performance at about 36 percent and 33 percent respectively. 

An analysis of variance of the four exhibit conditions yielded a between- 
treatment variance significant beyond the .001 level fF = 21.82, dj. 3/197) as 
^hown herei 

Source SS di, MS F P 



Treatment . , , . . 620J2 3 206,84 21.82 .001 

Error 1867 197 9.48 



Fissure ii. Fruquenc}/ distrihufiort of poBttaBf scores'for E(NP)-Condition 
St skuU exhibit (n = 4g) compared xuith pretest ecorcg fn ^ 201). 

Based on thip result, a Newnian_=Keuls analysis of the differences between meanB 
(Tabic 1) showed that while there were no significant differences between the 
means of conditions M and AQ (as noted earlier)^ they were both greater than 
condition E (p < .01). Condition E, when compared with condition E (NP), 
was significantly greater than condition E (NP) (p < .01), 



Treatments 




E(NP) 


E 


AQ(w) 


M 




Means 


4,37 


6,80 


8.61 


8,74 


E(NP) 


4,37 




2,43** 


4,24** 


4,37** 


E 


6,80 






1,81** 


1,94** 


AQ 


8,61 








.13 


M 


8.74 











* ^ p<m 



** ^ p<,01 

Ttihle I, Nawmdn-KctitB annl\^?is of differences betzocat means of the 
E(NP), AQ, arid M conditiotiB nt ^kuU exhibit. 



STUDY 2 

The results of Study 1 indicated that the use of the audio cassette 'without the 
opportunity to overtly respond to questions on the punchboard was equally 
effective in producing significant improvement in learning for many of the 
visitors. The AQ-Condition included a five-second silence following each of 
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the questions, intended to encourage Ss to take time to answer. This took 
additional time. One question was vvhether this five-second silence was neces- 
sary. Another question was the importance of the questions themselves. It was 
expected that the use of questions would facilitate performance. It seemod 
doubtful, however, that the five-second silence was necessary for Ss to reBpond 
to the questions. 

Study 2 concerned a comparison of the AQ and E groups of Study 1, with 
two additional groups of Ss run under two additional audio conditions; 

AQ(w)-Condition (n — 51); The same audio script was used as in the AQ^ 
Condition, but luithoiit the five-second silence following questions. 

AN-Canditia>i (n — 49): The same audio script was used as in the AQ- 
Condition, but the questions were omitted. Tlaij^, the audio material was 
presented here in essentially narrative form. (See Appendix B-4 for modi- 
fications of audio for AN-Condition.) In all other respects, all other 
conditions were the same. 

RestiltB, The data from these two additional groups were included in a 
four-group comparison with the AQ and E groups from Study 1; that is, three 
audio conditions with the no-audlo condition. The mean posttest scores of the 
four groups, E, AN, AQ, and AQ(w) were 6,80, 7.73, 8.83, and 5.61 respectively. 
An analysis of variance yielded a between=treatments variance which was 
significant beyond the .OS level (F - 2.92, di. = 3/199), A Newman-Keuls 
analysis (Table 2) showed (as expected) that there were no differences between 
AQ and AQ(w) and that the E-Condition did not differ significantly from the 
AN-Condition, while the audio conditions involving questions (AQ and AQ(w)) 
were both significantly greater than no audio at all (E-Condition). 



Treatments 


1 


E E(N) 


AQ 


AQ(w) 




Means 61 


)0 7.73 


8.33 


8.61 


E 


6.80 


,93 


1,53* 


1.81*^ 


E(N) 


7.73 




,60 


.87 


AQ 


8.83 






,28 


AQ(w) 


B,61 









* ^ p<.OS 



^ p<.OI 

Tahtr 2. N 'Wnw^J-Kaid? undlyBis of diffcref7ccs hctuwcti means of the E, 
E(N), AQ, and AQ(w) conditionB at BkuU uxhihit. 



STUDY 3 

From Study 1, resuhs indicated (groups E and E(NP)) that the pretesting experi^ 
ence played a role in helping some visitors achieve high posttest scores after 
studying the exhibit without audio or questions. Although no feedback was 
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fiivcn diiring pretesting, the pretest expcrienru for group E apparently helpocl 
some 5s to define the instructional objectiveij of the exhibit, which in turn 
helped them to process exhibit information relevant to the posttest. 

Study 3 ronccrned whether this same result could be obtained by givinn the 
visitor, prior to studying the exhibit, a printed statement of what to look for 
(rathor than a prete^O. Another question concerned tlie efi-ects of taking the 
pretest in booklet form instcnd of by machine. 

Study 3 comparod Ss in the E(NP) and E conditions of Study 1 with two 
additiunal groups, of 5s Icsiod ai lur they ^audicd the exhibit on their own (wilh= 
out audio) under the fullowing conditions: 

E(iyCondition (n - 53): This was like the E-Condition, except that instead 
of taking a pretest, all Ss received a 5'' % 7" card with a typed summary 
of what to look for in the exhibit. 

The card read as follows: 



Notice the sk in the exhibit with large white letters over their headb. 
Skull A is Mou. rn Man and Skull B is Neanderihal Man. Look closely at 
the five skulls in the exhibit and try to do the following; 

1. Find the scientific names of skulls C D and E. The scientific names 
of each of these skulls is in small white letters near the top of the 
panel under ^TARLIEST MAN/" ^^NEAR MAN," and ''EARLY MAN 
APE/' 

2. Name each of the five skulls when shown its picture. 

3. Recognize the picture of each skull by name, 

4. Know the order of the five skulls from oldest to most recent, both 
by pictures and by name. 



Ss carried this card with them to the exhibit. Pollowing the exhibit, they 
returned to take the regular posttest by machine, 

ECBkCondition (n - 51): Same as condition E in Study 1, except that Ss 
took the pretest from a loosclcaf booklet in which each of the 12 criterion 
questions was presented in a format identical to the machine format. Questions 
were answered on a separate answer sheet and were administered by a project 
staff member. No feedback was given and no conversation took place between 
visitor and staff member during testing, 

Ri?snItB: The data from these two additional groups were included in a 
Hvc=group comparison with the E and E(NP) groups from Study 1 and the 
pretest scores represented by these five groups. 

An analysis of variance of these five groups yielded a between^treatment 
variance significant beyond the .01 level (F 11.25, di,' 4/2S0), A Newman- 
Keuls analysis of the differences between means (Table 3) indicated no signif- 
icant difforenceh amuug the three pretest conditions (E, E(I), and E(B)), but 
significant differences between ciU of these three conditions and the E(NP)" 
Condition, as well as the pretest baseline performance, as was expected. 
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P vn [ r» ^5 1 




L. \ 1 ; 


E 


EfBi 






3.72 


4.37 


5.92 


6.80 


7.29 


Pretest 


3.72 




.55 


2.20^* 


3.03** 


3.57** 


E(NF) 


4.37 






1.55* 


2.43** 


2 ^2** 


E(l) 


5,92 










1.37 


E 


630 










.49 


i:(R) 


7.29 













* p<.05 
** ^ p<.01 



Table ?. Ni'tOiiinii-Ki'iiH niinhj-^i^ uf dijji'f t'fu vs Iwfuiocfi fucnti? of tjiv 
prvtc^i, E(NP), Kf /), E, ivui E(B) condiHan^ nt Bkujl exhibits 



STUDY 4 Rcleiition 

The delay between exposure to the exhibit system and the start of the posttest 
avernged about two minutes. To obtain in format ion concerning retention of the 
exhibit information over longer periods, Study 4 was conducted with a separate 
group of 67 Ss. This was a completely separate study, which replicated the 
procedures and the three exhibit learning conditions AQ(vv), and I.. The 
exhibit condition was followed by the usual machine posttest/ followed by two 
ndditionn! test sessions, approxutiately 2 days and 16 days later. Addresses 
and phones were obtained at the end of the first posttest session when visilors 
were told that they would be given the questions again at their homes. For the 
second and third tests in the home, the booklet form of the test (described 
earlier) was used. As in the case of Study 1, no feedback or other knowledge 
of results was given to Ss during any of the three posttests. 

Of the original 67 visitors who completed the initial programs at the museum, 
43 completed both the second and third posttest sessions. 

Figure 12 shows the mean pretest (combined) and posttest purformance for 
each of the three posttest sessions for groups M (n — 12), AQ(w) (n — 16), 
and E (n ^ IS). As is apparent from these curves, visitor performance was 
maintained over the 2- and 16=day period at essentially the same levels as 
obtained on the initial posttest, regardless of the conditions under which the 
visitor had acquired the exhibit information. An analysis of variance yielded 
no significant between-sessions variance or treatments x sessions interaction. 
Differences between the groups were essentially the same as obtained in Study 
1. Frequency distributions of the pretest and initial posttest scores for this 
rGplication were very similar in form to those obtained in Study 1. Therefore, 
as would be expected, there was a significant between-treatments variance 
beyond the ,01 level (F - 10,164, d.f, - 2/40). 
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fi^ti^c 12, Prefect ami ^itccc^siw po^ticpt pcrfonnmm in terms of rncan 
percent correct on Hnys 3, mid 16 of retention shtdxf. 



AmfniBm---SJhimmmm RepUcation Studies 5 cind 6 

STUDY 5 

In order to determine the replicability of the basic procedures and conditions 
used in the skull exhibit in producing visitor learning in a totally different 
museum location with different subiect matter, the exhibit learning conditions 
M, AQ(w), E and NP were replicated at a display on animism and shamaniBm 
in the Hall of Religion. 

This, of course, required developing an entirely new set of criterion questions 
for use in pre- and posttesting, and a new set of programmed questions and 
accompanying audio for use with the exhibit, 

A different pre^posttest machine, the MTA=400 shown in Figure 5, served 
as the testing device. Criterion questions were developed in a manner similar 
to that described for the development of the skull questions. However, on the 
MTA test machine the questions were not presented on slides, but on a 
continuous^loop paper roll, and involved four rather than five choices. Visitor 
responses were recorded on an Esterline^Angus Event Recorder within the 
machine, and the results were later analyzed by hand. An original pool of 45 
questions, u^ing a 40 percent reiection criterion/^ along with individual mter- 
views with visitors, was eventually reduced to 10 criterion questioni plus two 
preliminary questions on age, and schooling (see Appendix C). The questions 
covered material found in two glass cases on the functions and methods of the 
shaman and animism among the Iroquois Indians, 

' Duo \o \he h\%hoT entorin- knowIedRG of vi^tofb on the animlsm^shamanism topic, there 
were not lO unambiguous ^uestiong on which there were less than Jo percent correct 
answers on pretesting." Ther. ^re, the rejection criterion had to be raleed to 40 percent. 
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The punchbonrd queLUions and audio script were developed in the same 
nianncr as thv skull program. The objective was a single sheet of questions and 
accompanying audio requiring from 10 to 12 minutes to complete and yielding 
better than 90 percent correct for at least 90 percent of the test Ss over several 
weeks of testing. Because of the experience already gained from the skull 
program, this process took much less time. A final set of punchbonrd questions 
and accompanying audio (Appendixes D and E) were complGtcd after six weeks 
of testing with about 250 visitors. 

The study to be described here involved n total of 226 visitors of about the 
same age range (10 to 39 years in this case) with a median age of 15,0 years 
and 4 to 14 years of education. The sequence of events was essentially the 
same as that already described for the skull exhibit procedure. Visitors who 
inquired about the test machine (or other visible apparatus) were invited to 
"play'' the pretest machine, then were sent to the exhibit cases under one of 
the exhibit learning conditions. This was followed by a posttest on the MTA 
test machine, No feedbtick was available during pp> or posttests. 

Four groups of visitors were exposed to the religion exhibit under one of the 
following fuur exhibit conditions: M, AQ(w), E, and E(NP), identical to the 
conditions previously described for these labf^ls. The ^^'s for each group were 
48, 48, 80, and 50 respectively. 

Pretest Rcsidts, The frequency distribution of pretest scores for the 176 
Sb who took the pretest is shown in Figure 13 along with the theoretical chance 
distribution (dotted line), (Only 176 of the 226 Ss are included in the pretest 
because the 50 Ss in the E(NP) group did not take a pretest.) As noted earlier, 
ihere was greater pre-exhibife knowledge of the animism-shamanism topic 
among visitors than there was of the skulls (mean = 39,3 or about 14 percent 

Fis:^ii:c 7 1. rrcijiicricy iiiBtrihiifion of prctCBt scoreB for iifiimi$ni exhibit 
(rt =^ 1^6) coftipnrcd witli oxpvcicd cluiticc score, 
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Pi^ure J 4' Frcijucncxj distribution of post test scoreB for M-Condition at 
animi^nt exhibit fn = 48) ro/npnrcrf with pretest scoreg (n = "176). 




figure 1^. Frcquciicxf dipfributiari of posttcst scores for AQ-Conditiori at 
nniwism exhibit f?i " 48) couipared with pretest Bcores (ri ^ 17^)- 

above the 25 percent chance level). The pretest curve is very similar in shape 
to that obtained on the skull pretest 

Posttcst Results, The frequency distributions for each of the four posttesl 
conditions are shown in Figures 14, IS, 16, and 17. Earh distribution is com- 
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^iguf^ frequency ^iBtrihution of po$tfest BCores for E-Condition Figure 17. Friquency diBtrihuiiori of pOBtteBt Bcores for E(NPh 
atanhni§m exhibit (n ^ 80) compnrQd with preteBt score§ (n == a^al. Condition at attimi$m exhibit (n ^ 50) compared with preteBt 

Bcores (n = 17a). 



pared with the combined pretest distribution. Results for the four conditions 
appear essentially the same for each of the conditions as obtained at the skull 
exhibit, with nearly 48 percent achieving a 92-100 percent posttest score under 
the M-Condition (n = 48) and nearly 38 percent achieving these levels under 
the AQ(w)-Condition (n - 48), Some visitors (16 percent of a total of SO) still 
achieved the 92-100 percent level under the E-Condition, 

An analysis of variance yielded a significant between-treatmant variance 
beyond the .001 level (F — 19,26, d.f, — 3/222). A Newman-Keuls analysis of 
the differences between means (Table 4) indicated no significant differences 
between the M and AQ(w) conditions, confirming the results with the skull 
program studies. Again, there were significant differences between the E-Condi- 
tion and the M and AQ(w) conditions (p < .01). While less than the M and 
AQ conditions, the E-Condition was significantly better than the E(NP)- 
Condition where no pretest was given. 



Treatments 




E(NP) 


E 


AQ 


M 




Means 


4.94 


5.86 


7.79 


7.83 


E(NP) 


4.94 




.92* 


2.85** 


2.89** 


E 


5.86 






1.93** 


1.97** 


AQ 


7,79 








.04 


M__ 


7.83 










* = p<.05 


= p<,01 











Tnhle 4^ NcwnuuuKeuh analy§i§ of diffcrunces hehuccn manns of the 
EfNP)/E/ AQ, and M conditions at the dispta\/ on animiBm and Bhamanism. 
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STUDY 6 



As in the case of the skull exhibit, we wished to determine the effects on 
posttest performance, if any^ of studying the exhibit alone without a pretest^ 
and if the pretest conditions; by m£ichlne (condition E) were any different from 
the pretest experience via the booklet (condition E(B)), Therefore, an additional 
group of Ss (n — SO) were tested with the pretest by booklet rather than by 
machine (E(B)). 

The posttest performanre of this E(B) group was then conipared with the 
E and E(NP) groups of Study 5 and the original pretest scores of these three 
groups. An analysis of varianci which included the pretest scores as a fourth 
condition yielded a significant between-treatments variance beyond the .001 
level (F = 21,45, d.f. — 3/256). This was followed by a Newman^Keuls analysis 
(Table 5) of the differences among the means of the four conditions, As was 
found in Study 4, there were no significant differences between the booklet 
and machine forms of pretest administration. There were significant differences 
between the no-pretest E(NP)-Condition and the two pretest conditions, E and 
E(B)^ as may be seen in Table 5. 



Treatments 




Pretest 


E(NP) 


E 


E(B) 




Means 


3,80 


4.94 


5,86 


6.56 


Pretest 


3,80 




1,14 


2.06 


2.85 


E(NP) 


4.94 








1,62 


E 


5,86 








.70 



E(B) 6J6 — 

* ^ p<.05 = p<.01 

Table Newman-Kcuts nnalysis of tha differenceB betiveen means of th^ 
pretCBt. E(NP)f E, and EfB) conditions at the display on antmiBm and BhamaniBm. 

One rer>uU obtained in the analysis of exhibit-only conditions at the animism 
exhibit was the significantly better performance of the E(NP) group over 
baseline pretest performance. In other words, the performance of visitors was 
apparently improved by their having studied the animism-shaminism exhibit 
loitJiotit benefit of prut est, although the results were not as good as when a 
pretest had first been experienced (group E), 

This last result suggests that museum visitors do sometimes learn things 
simply from looking at an exhibit, reading the labels, etc. The fact that such 
a result was obtained on the animism topic and not at the skull exhibit may 
Him ply mean that the basis for skull discriminations was not as clear in the 
skull exhibit as were the functions and methods of animism and shamanism. 
In the latter case, reading one or two of the rather short labels in the religion 
exhibit could have provided some of the necessary information measured in the 
posttest. The labels in the skull exhibit, on the other hand, were more involved, 
longer, and more subtle. Also, the vocabulary required in the religion exhibit 
was simpler than that required for the skull exhibit. In any case, whether it 
was the better design of the exhibit cases or the greater pre-exhibit knowledge 
of the visitors, Bowe learning apparently did occur for the E(NP) group at the 
animism-shamanism exhibit. 
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Self-test/ Recycling Systems 



The self-test "recycling'' system evolved from our observations that in various 
replications of the E-Condition from 15 to 20 percent of the visitors who had 
taken the no-feedback pretest were able to achieve very high posttest scores 
(92-100 percent) without the use of any programmed systems at the exhibit. 
While these visitors received no feedback or other knowledge of what answers 
were correct or incorrect, the pretest experience probably helped define what had 
to be learned from the exhibit. Apparently some visitors utilized this pretest 
information to process effectively the exhibit information on their own without 
the help of audio or other programmed materials. The majority of persons in 
our visitor population, however, apparently needed the support of audio or other 
devices to select and organize exhibit information relevant to the concepts 
being tested. 

Some cognitive approaches to learning have emphasized the importance of 
prelearning orientation (Ausebel, 1968). The facilitative effects of adjunct mate- 
rials, such as instructions, questions, and "advance organizers/' have been 
demonstrated in the learning and retention of prose (Frederick and Klausmeier, 
1968, among others). Steinhorst {1968) reported that giving subjects the instruc- 
tional objectives of an assignment resulted in significantly better learning and 
retention of information on a fictitious map than a free-study group achieved, 
and at least equal performance to that of a group receiving a programmed 
sequence on the same information. 

In the context of these studies the pretest experience in the museum applica- 
tion constituted nn "advance organizer" and pre-exhibit definition of objectives 
which could have influenced the way that visitors assimilated, stored, and 
retrieved exhibit information. In any case, the fact that some visitors were able 
to learn simply by having the pretest experience suggested the possibility that 
a pre-exhibit self-testing situation might he developed to facilitate Inter learning 
from the exhibit without the need for the more costly programming of the 
exhibit itself. 

A difficulty with the use of the pretesting experience alone, however, is the 
fact that relatively poor results were obtained for over SO percent of the Ss 
under this condition compared with the M and AQ groups. The use of a printed 
set of instructions (E(I)-Condition) did not help, and the use of the booklet 
pretest (E(B)) made no difference. The results might have been improved by 
the use of feedback during pretesting on mntchcd criterion questions, although 
ihis was not invcsligated. 



Another possibility would be not only to provide some feedback during test- 
ing but also to encourage the visitor to retest himself between successive exhibit 
visits. In the E-Condition the visitor had only one exposure to the test situation 
prior to visiting the exhibit, Additional exposures to the testing situation could 
provide additional help in processing exhibit information, each self-test further 
sensitizing the visitor to what he should look for in the exhibit. 

The self-test, recycling system to be discussed here concerns this possibility. 
The purpose was to provide a means by which visitors could test themselves on 
criterion questions, study the exhibit in terms of the framework provided by 
these questions, return again to the exhibit, retest themselves, and so on. Hence, 
the terms self-teBt, recycling system. If visitors could learn from such repeated 
self-testing, this would eliminate costly programming of the exhibit itself and 
substitute the visitor's own information-processing skills to reach the same end, 
Through successive self-testing, slower and less skilled persons might thus be 
able to ''discover'' those characteristics of the exhibit which were relevant to 
good test performance. This assumes, of course, that visitors would or could be 
motivated enough for the goal of performing well that they would repeatedly 
test themselves. 



Experimmtal Studies 

To evaluate such an approach, a coin-operated, self-test machine was developed 
and tested, with several variations, in a series of studies in the Milwaukee 
Public Museum and, more recently, in the Milvvaukee Art Center (Silberglitt, 
1972; Lakota, Screven, and Reis, in preparation). Figure IS shows a recent model 
of the device, as used in testing at the Milvvaukee Art Center,^ 

The self-test procedures found to be most effective to date using this machine 
may be summarized as follows: 

(a) The test machine Is placed near (but not at) the reference exhibit area, 
where visitors may freely approach it as part of their normal exploratory 
activity. If they touch the machine, a projector turns on and a "come-on" 
frame invites them to insert 10 cents to test themselves on the nearby 
exhibit's topic. An "expert medal" (a gold-colored token with "MUSEUM 
EXPERT" printed on It) is promised for a perfect score. 

(b) Inserting 10 cents provides seven multiple-choice questions (from a 
pool of SO to 100 questions), which arc interspersed with nonquestion 
frames emphasizing that visitors can improve their scores by studying the 
exhibit. The game ends with a final frame inviting the players to study the 
exhibit and return to better their scores, 

(c) Questions advance after each answer (regardless of correctness of 
choice), A counter (upper right-hand corner) registers 100 points for each 
correct answer. 



^ NUulitii'd fioni a i oin=opf ri\ttul iHniMiU'ri l.il i]{\\7 j^Amo, Thin innchino h>\h hiucc hvon dis- 
iontinuiul bv tin* iiMnufiii hirtMs Ilinvi^'iM . otlu^ NVMlomn dr^S!j^ni«d to perform f^imilar fiuic- 
ijun^ in inu''i'nni'i sWv rnrrrnHv i'l ilc'vrlnpnuMil ! nf iiifcirin.itifMi, wrift- tci tlu' niiJlior. 
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(d) The machine dispenses a silver token (regardless of total score) with 
the message I "ONE FREE FLAX STUDY THE EXHIBIT AND TRY 
AGAIN." This free-play token, on all later games, is contingent on a score 
above chance, 

(e) If, in any one game, the player answers all seven questions correctly, 
the machine dispenses the gold ''expert medal," which may be kept or 
used for replay. 

The gamelike appearance and the touch-activated "come-on" frame attracts 
the attention of passing visitors and encourages them to play, During play, 
advance of the counter provides feedback concerning correctness of answers as 
well as the final game score. The free-play token encourages the player to return 
for replays between exhibit visits. The gold "expert medal," received for a per- 
fect score, is intended to encourage repeated efforts to achieve mastery, It is not 
expected that all players will achieve mastery before terminating the process. 
But it is expected that many players will try md, in the process, will achieve a 
higher terminal score than would otherwise be the case. 

The initial prototype model (not shown) was similar in shape and operation 
to the test machine shown in Figure 18, However, the earlier model and self-test 
procedure differed in the following major respects: (a) there was no touch- 
activated "come-on" frame or other interspersed nonquestion frames, (b) an 
advance-on-correct mode was used in which questions could not be advanced 
until a correct answer was made, (c) there were four topic selection buttons 
which the player could use to select one of four question categories, and (d) 
additional feedback signals accompanied correct answers (a green light and a 
bell) and incorrect answers resulted in a red light, a buzzer, and a lowering of 
points obtainable for the next choice. The extra feedback was assumed to be 
necessary to sustain visitor cooperation and to provide corrective information. 

Initial tests of the system utilized this prototype model at a general exhibit 
area in the Milwaukee Public Museum covering the topics of evolution, heredity, 
seed dispersal mechanisms, and animal age and movement. Four sets of 40 
multiple-choice test questions were filmed for use in the prototype machine. 
Each pool of 40 questions was organized into successive five-question games. 
The player could select one of the four topics on which he wished to test himself 
by pressing the appropriate category button on the machine. 

The test machine was placed about 20 feet from the reference area containing 
information about the four topics. Preliminary unobtrusive observations of 
visitor reactions, replays, and recycling were made over two-hour periods. These 
initial informal observations indicated the following: the machine attracted both 
younger and older persons to stop and examine it (or watch others play it) ; 
about 30 percent of the passing visitors in the two-hour samples stopped; about 
25 percent of these played it; more younger than older persons played it, but 
the average age level appeared higher than the 14- to 15-year level of the pro- 
grammed system., iescribed earlier; family and peer groups often played the 
machine as a group. It was difficult to obtain exact data on individual recycling 
activity or resulting performance on questions. However, persons were observed 
going to the exhibit area and returning with the free-play token to replay. Some 
persons continued to replay without going to the exhibit. Use of the four cate- 
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gory buttons posed difficulties. Changing categories from one play to f-he next 
was common and some persons changed categories during games, 

These initial observations were followed by a more systematic Gtiidy. The 
category buttons were removed. The machine was preset to present questions 
over a single topic: heredity, A picture of the reference eKhibit v/a^ prominently 
displayed on the machine with the instructions; "STUDY THIS DISPLAY AT 
THE EXHIBIT AND WIN AN EXPERT MEDAL Sample questions used in 
this study are shown in Appendix F. 

All data were collected as unobtrusively as possible by a single observer, who 
stood near the area observing the movements of players who approached and 
played the machine and recorded their game scores, etc. Not all persons who 
played in succession were selected for observation. Since it was very difficult 
to follow the actions of family and peer groups, these were excluded. Also 
excluded were children below about 12 years of age. Some players who had 
been initially observed were lost track of in subsequent plays and, therefore, 
information about them has been omitted from the data to be presented. Per= 
sons who replayed with 10 cents were also omitted. Observations took place 
over approximately tvvo=hour periods under relatively crowded conditions on 
Saturdays and Sundays. The test machine remained on the floor when no 
observations vvere being made, but was unplugged. 

A total of 32 persons were observed through to the point at which they 
either left the situation or achieved mastery. The results of these observations 
are summarized in Table 6, Of the 32 persons, 15 (about 47 percent) achieved 
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Tabla 6. Ntttnbcr of plnyB, repln\f$f tirid Bcorcs ohtainet^ by 12 viBitors at 
the Bclf-qiiiz rccxfcUni^ mnchinc' on the topic of hcredlly. 

niastery over four replays. One person achieved mastery on his initial (10 cent) 
test. Six porsonB ultimately achieved mastery by taking successive retests with= 
out visiting the exhibits. There was an increasing tendency during later replays 
to replay without returning to the exhibit. Of the 31 persons who did not 
achieve mastery on their first test, about 61 percent went to the exhibit prior 
to taking their first retest. Everyone replayed the test machine with their first 
frec=play token. Six persnnH (8', u percent) eventually quit with a frce=play token. 
Btcause of the small sample, these results vvere tentative. But they were 
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sufficiently cncoiirnging for a decision to move ahead with further testing 
of the self-test system. This study was difficult to evaluate and pointed up a 
number of difficulties in achieving the objective of facilitating learning from 
exhibits through repented solf=testing. The questions used were not as dependent 
as they should have been on studying the exhibit, were too easy, and often 
trivial. By taking the initial five-question test,- it was possible to learn enough 
to do better on the next five-question test which, in turn, taught more, and so 
on. It seemed reasonable that the advance^on-correct procedure contributed to 
this result since it provided Feedback on wrong as well as correct answers. In 
fact; the feedback and ndvance=on-correct features made the machine into a 
rather effective teaching machine capable of teaching independently of the 
exhibit. Visitors gradually discovered this and, as may be seen in Table 6, an 
increasing proportion stopped visiting the exhibit between games and simply 
played the machine with successive replay tokens. It is difficult to say how 
much of the score improvement that did take place was due to the actual exhibit 
and how much to the teaching properties of the machine. 

In a later series of investigations with more than 600 visitors in the Mil- 
vvaukce Public Museum, Fazzini (1972) examined the effects of feedback, 
expert modal, free-play tokens, and other variables on visitor performance in the 
self-testing situation. These studies were conducted at the same priftiitive skull 
exhibit used in earlier investigations. A pool of 70 questions utilizing the 
formats and objectives of the earlier studies was prepared for use in a modified 
form of the self-test machine shown in Figure IS, Each game consisted of seven 
criterion questions matched for each of the original objectives listed in Chapter 
III (page 29). There also was added a touch=activated ''come-on" frame and an 
end-frame suggesting that the player visit the exhibit to improve his score. 

There is insufficient space here for a thorough treatment of the results of 
this series of investigations, which also included demographic data on visitor 
populations, viewing time data, a comparison of solicited and unsolicited groMps, 
and other observations. The reader is referred to Fazzini (1972) for a more com- 
plete treatment of these investigations. We shall summarize here some of the 
results pertaining to the self-test machine variables and their relation to visitor 
persistence, recycling, ^md learning. 

(1) As Ss continued to replay the test machine, the percent recycling (visits 
to exhibit between plays) gradually decreased from about 32 percent after 
the first play to about one percent (n 31) after the tenth play. Table 7 
shows the mean percent recycling for the first 10 plays. Neither feedback, 
free-play tokens, nur the gold medal incentive significantly affected the 32 
percent recycling figure. The remaining two-thirds of the visitors con- 
tinued to play the machine without visiting the exhibit. Playing the self- 
test machine apparently was reinforcing in its own right, 

(2) There was a small hut significant positive correlation (rxy .30, 
p < .02) between the amount of recycling and the score obtained on the 
last game before quitting (terminal score or T5) only for group MIN, which 
received no fecdbaik after answering questions, and no score. The only 
kncnvledge they had as to how they were doing was whether or not they 
received a free-plav token (which required three questions correct) or a 
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Table 7. Mean score and percent recycting for first 10 plays at $elf-te§t 
machine at $kuli exhibit (adapted from Fazztnif 3^72). 

gold expert medal (which required all seven questions correct). For this 
MIN group, the more visits to the exhibit between games, the higher the 
TS (terminal score). The amount of recyclmg did not correlate with the TS 
of those Sb who received any form of feedback from the machine (counter 
scores, green light on correct, etc.). However, feedback did significantly 
improve TS (see below), apparently because feedback was being effectively 
used by the players to learn the required information from the machine. 
The no-feedback players had no such advantage and had to utilize the 
exhibit. Although not digcussed by Fazzini, it seems worth noting that the 
improvement in visitor performance resulting from the feedback condi- 
tions may have masked possible effects of the exhibit visits on the TS. 
In any case, the exhibit visits (recycling) added no more to the ability of 
Sb to perform than did the information they received via feedback while 
playing the test machine. 

(3) Feedback conditions consisted of a "maximum"' feedback (MAX) con- 
dition (bell, lights, buzzer, counter score for correct), an advance-on-correct 
(AOC) condition (no bells, lights, or buzzers but question advanced only 
after correct answer), and an advance-on-initial response (AOI) condition 
(feedback provided by advance of counter score on correct only). All of 
these feedback conditions resulted in higher TS. Figure 19 shows the 
decrease In TS as a function of decreasing feedback conditions, including 
the so-called MIN condition in which no direct feedback was available. 
Shown are both TS and initial game scores (IS), Figure 20 shows frequency 
distributions of TS for the three feedback conditions and the no--feedback 
group,'* Note that for feedback groups, there vvas a sharp rise in the num- 

*' In the origintil F«i?:^:ini Btudies an additional feedback condition was run which placed 
the self-teBl machine directly in front of the eKhibit. There were no iignlficant differences 
in TS between this group and the regular AOC=Condition, For simplicity, this group was, 
iherofore, omltu^d from the present disttH^ions nnd is not shown in Figures ig and 2s, 
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Fiptre tg. Initial game BcoreB and termimi scores for Figure 20, Frequency distrihutionB of terminal Bcores for each of the four 
each of four feedback conditions on Betf-teBt machirte, feedback conditiotiB on self-test machine (adapted from Fazzini, 1972). 

ber of masttry level TS (600-700) and no such rise for MIN. Only two Ss 
(four percent) in MIN reached the 600-700 level, while 11, 12, and 13 Ss 
in -MAX, AOC and AOI (22-26 percent) reached these levels. As noted 
earlier, TS performance of the MIN Ss depended upon the effective utiliza- 
tion of the exhibit during recycling. But only about one-third or less of the 
MIN Sb actually recycled. This might account for the lower mean TS of the 
MIN group because at least two-thirds of these Si were trying to answer 
the questions with no relevant input either from the exhibit or from feed- 
back, 

(4) The use of feedback appeared to reinforce replaying the machine, All 
feedback conditions correlated significantly with the number of replays. 
The no-^feedback condition did not. The number of replays did not correlate 
with TS. 

(5) Use of the free-play token was significantly correlated with replays 
and with higher TS, which is not surprising. When tokens were omitted^ 
replays were few and TS was the same as IS. Fazzini investigated the 
effects of lowering the criterion score required to obtain a free-play token 
from 300 to 200 points (two questions correct). This did increase recycling 
(from 16 to 26 percent), but unproductlvely, since there was no improve- 
ment in TS. Since the no-token group had to spend 10 cents for all replays, 
the replays for this group were, of course, sharply lower (mean — 1.5 
plays). However, in spite of cost, about one-third of the SO non-token Sb 
replayed at least once/ one-third of these replayed a second time, and a 
third of these played a third time. One S replayed five times (without 
achieving '"expert" medal), 

(6) Use of the gold ''expert" medal as an incentive for achieving a high 
score significantly increased TS, as well as the number of mastery-level 
(600-700) scores (Figures 21 and 22), These effects appeared to be Inde- 



52 



52 




■ Mfil=ii i^=i*0 CfltPtHi.n) 

Nil Mftlil 




j(«-i<c i*?»j-Tso 4^-4^^ ^£J^^16 6™-? 



Figure 21. Initial ^arne scores and terminal Figure 22, Freqiiertcy distribuiiortB of terminal iCoreB 

Bcorcs for the medal and no-mednl groups on for the medal and rto-meda! groups on Belf^teBi^ 
self-test machine (adapted from Fazzinif 1^72). machine (adapted from Fazzinif ig?^), 

pendent of number of replays or recycling. Fazzini investigated the effects 
of lowering the difficulty of obtaining the expert medal from 700 (all ques- 
tions correct) to 600 (one question incorrect), but obtained no significant 
effects on TS. However, a breakdown of the 600- and 700-Ievel scores for 
the two groups showed that the 600 criterion produced twice the number 
of 600=level scores and the 700 criterion produced nine (out of ten) 700- 
level scores. Thus, making the mastery score more (or less) difficult did 
not significantly alter the number of persons who attained it, but it did 
appear to alter how much the players learned in order to achieve it. Appar- 
ently the presence of a specific goal at some level was important. Thus^ for 
the no-medal group, only two Sb (four percent) achieved a TS above 500, 
while 11 and 13 Ss (22 and 26 percent) working for the medal achieved 
scores above 500. The TS (and IS) for the 600 and 700 criterion groups and 
the no-medal group (n " 50 each) are shown in Figure 21. The frequency 
distributions of TS for the three groups (Figure 22) again show few 500- 
level scores and a sharp increase in 600= to 700-Ievel scores only for the 
expert medal conditions. 

(?) Fazzini reported that 14.6 percent of the unsolicited Ss in his studies 
achieved an expert medal and required from 1 to 28 plays to do this 
(mean = 6 plays). About 61 percent of these winners continued playing 
after receiving the medal. It was reported that some Ss actually had to be 
stopped or they might have continued indefinitely. The motivating proper- 
ties of the test machine contingencies seemed clear throughout Fazzini's 
investigations. It is noteworthy that the ''slower learners'' in the various 
feedback and token groups who required 10 to 15 games to obtain the 
medal spent from 45 to 60 minutes at the task with no apparent loss of 
enthusiasm. 

(8) While the self-test machine was inoperative, mean viewing time in a 
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predefined area of the skull exhibit (n = 66) was 19 seconds. Another 
study (n ^ 60) involved only visitors who first made eye contact with the 
exhibit (about 60 percent of those passing during observation periods). 
Mean eye contact time was 29.6 seconds. As Fazzini noted, it is doubtful 
if 20-30 seconds is sufiflcient to "learn^^ any concepts presented by the 
exhibit. Comparable exhibit time or viewing data for the self-test machine 
Ss were not reported. However/ Fazzini did report up to 72 minutes ipent 
at the exhibit (excluding machine time). From iVg to 3 minutes were spent 
at the machine per game. Total exhibit times were estimated to be from 20 
to 40 times the viewing time when the machine was inoperative, 

In subsequent applications of the self-test machine at the Milwaukee Public 
Museum and the Milwaukee Art Center^ modifications have included more 
nonquestion frames encouraging use of the e>chibit^ an advance-on-first response 
mode, and other procedures listed at the beginning of this chapter. Applications 
of the self-testing procedures in the Milwaukee Art Center by Sllberglitt (1972) 
yielded posttest scores comparable to the use of programmed audio. However, 
this study provided no data on percent recycling. More detailed comparisons of 
the self-test recycling machine with other exhibit systems (audiO/ labels) have 
been carried out in more recent investigations at the Milwaukee Art Center by 
Lakota, Screven^ and Reis (1974), 

While these procedures resulted in the predicted recycling, the percentage of 
persons recycling was disappointing. Other approaches to the basic self-testing 
concept need to be investigated, Improvement in the machine procedures may 
be possible through additional modiflcations. For example! 

(a) removal of all feedback on individual questions^ providing only a total 
score at the end of each game; 

(b) free-play tokens exchanged at the exhibit (from vendor) for replay 
tokens usable at the machine, thus requiring return to the exhibit area; and 

(c) more interspersed frames which encourage the use of the exhibit and 
require answering questions concerning the recycling procedure. 



Self-testing Without Machines 

Use of the self-testing strategy may not require coin-operated quiz machines 
at all. Exhibit self-test questions could be printed on 3'' x 5" or S" % 7" cards 
with self-scoring and feedback capabilities. There are available commercially a 
number of simple, self-scoring materials which could be adapted for self-testing 
purposes in museums. For example^ 

(a) Litciit Inm^c Response Cards- Questions can be printed on these 
cards along with invisible markings for correct answers. Responses to each 
question consist of marking over the appropriate answer space with a 
special pen containing a nontoxic latent image developer. The pen leaves 
an indelible colored mark for scoring purposes which changGB color if 
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answer is correct thus providing immediale feedback. Latent image 
processes arc available from several manufacturers,' Hendershot (1973) 
provides an updated list of such systems. 

(b) Ovrrlnxj CardB (Figure 23A): These have overlays over answer spaces. 
Responses consist of erasing the overlay over the chosen answer; printed 
numbers or symbols appear which then indicate whether the answer is 




Fi%\ire 23, Seif-scorm^ rcsponsG dcvkas^ Traincr-TQBtcr Card (A), 
Punchhonni (B), nun QRS Rc^piouticr (C), 



LorrecL Other feedback cnrds provide small tabs for each answer; tabs are 
pulled out to .mswer and colors reveal whcthof answer is correct/'' 

(c) Pttnchhoards mul Mechtvucal RcsponBe Devices (Figure 23B and C): 
Some systems utilize a stylus, pencil, or simple push buttons to punch 
answers in precoded cards inserted in simple mechanical devices. These 
systems are seIf=scoring, The small punchboard (Figure 23B) accepts a 
4" K 6" card which contains answer choices that can be selected by punch- 
ing them vvith a stylus. The stylus activates a light if choice is correct, or 
will restart an attached stnrt-stop audio cassette. In this example, the 
answer card is coordinated with a ''map" of an art gallery. Figure 23C 



•for oxnmplc. A. Dick Corpnrntinn CciUm! Bticntific Compnnv {CKNCO), Docent Corp.. 
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,! i-jr(*jnincIuHi ll^tvl t .ird vvhirli in inacrltHi into the pusli-bulton holder. 
Prt-;'i!iu^ i\ huHun ptiucltcf; a in the vAvd mul ^dviincm the card If 

Aiisw*n' if^ rni=n:H.l. This dnvice can alyo be rDordinatcd vyiih a start-ntop 

Fur {>tirpost". uf implriiH'nlii^^ a iiHycliiig nir.ilu^^y, laicli i^clf-^Cfiring^ syf^lemri 
roiild [^tildc the vi^^itor, via npprupriate c|iiofitlonB, io Bperific exliibit information 
,ind, tliroiij^h \hv immadinie feedback nnd scorinj^, cncournge the visitor to 
iiiakf prudiictivu use* of ihis exhibit irUoimntiun. 

For example, latent unagc qui^ cards (with attached answer pum) could be 
dispcnfiud from coin=aperatcd vendorR located at eKhibits, or provided in packets 
to lui taken alon^ dii exliibit lours, Hach card would contain five to seven 
qtir'iliniv; t uvcrinj^ parlirular IcipicH, arvtwcrfi to which had to \m obtained from 
I In: exhibit, m ^,vv]Ch of t^Kliibir!,. IJnHku the sdf-tc^Uing recycling madiine eitun- 
tion, mm vouU directly niatrb thuir po^Hible nnsvvcr^^ to the CKhibit's infomia = 
I ion bvfnrr .insweriiuv Thtis, tlir quention^ would require rccQf^nltinn rathor than 
rccalL 

Ftillnvvini^ each answer, cohjr chnnges or other feedback on the card woulc:! 
iiidicale if the chosen ani;w{?r vvaH correct, H nut, further choicey Would be iiiade. 
In orcicr lo encourage repealed cffnrU; to produce n errorlc^ card, an "'expert 
medar' or other y tut able incentive could be made available by rnuseuiTi staff 
for a f,ivun number of errorlcbfi cards obtained from the same or from a variety 
of cjxnibit^'. 

Linforttniately, the iccdback feature of these qui^. cards inight alBU produce 
the same effect aB the fccdbnck on the recycling machine, \n%., encouraging 
learning froni ^uiccesslve quiz cards rather than from the exhitit! If tlie use of 
siicli c]uiz cards is to facilitate productive self-study of the exhibit, theri, ideally, 
the e:^bibit should be the only source of information for acliievlng the high 
scdre which the user is seeking. 

One way of achieving this would be to use a diffGrant set of questions and 
test different exhibit information on separate quiz cards. This would reduce 
the dunces of the repeat user obtaining successive cards on siixiilar inforniation, 
thus removing the advantage of accumulating related infomnation from card to 
card, Thii^, the exhibit would becnnne the only available reliable source for the 
inforniation necessary to avoid errors, If the visitor is adequately motivated to 
avoid errors on any single card (in order to obtain mastery token/ etc.), he must 
"scarclt"' the exhibit fur the nccesnary information, make comparisons, Identify 
relationships, draw conclusions, and so on. This is the kind of activity which 
is likely to lead to more effective utilization of the exhibit and to productive 
learniiig. 

It is interesting to note that such a system imposes a contingency which 
vvould distinguish betwe en /idnquate and inadequate observing behaviors. Thus, 
the iiTiniediale fei Jback after a rarract answer to a question would reinforce 
the iidcqiinte oh: rving behavior that just preceded it^ while the feedback 
following errors wouh' ^ ncourage changing the inadeqimte observing behavior 
that preceded the - errors;. !}in - the subsequent card consists of an entirely 

Hf'O Hcndorhhnl (1071). ^ p 
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mw Mf'l i)f t|iH'9tlonH, t-liare vvdliIc! bu little bcnufit frorn thn previous oixPn 
iWiback, uxcup( p03GibIy an jiiiproved sldll in obHervin^^ and process fnj^ eKhlbft 
information. These po^islbiliticis arc cuiTently uiidcr invefitigaiion % the writer. 

Aiiotlicr way of avoidiiig the* cumulative cffcclH of repeated cliieslion foGcl'- 
back would be to use qmy, cartlH vvhicii do not provide feedback on Indivldunl 
quaf;linng, l^or moti Vtitional purpa!?c5, n total f^core wou Id fUill be iiocdcd. Tht':^ 
vvotild rei|iiirt' snnie mcnns of scoring cnniplcted eardn, yiich c^rd read^^ni oi' 
print-out sy(»tem^i, vvbich \vniild itTiposc some rKpensive nic?t'hnnic^ 1 CDmpluxilie^L 
Aho, no feedback response deviccB would incon that adequate and inadequate 
ochibit Dbsnrving behavioni could not be discriminated immcdiatdy after thoy 
had occur red. 

In suininary, vvork still needs to be clone to deterniinc haw best to aid visitors 
lo utilize imprayjiinnru'd, fixed uxhjbit information productivoly^ Pussibilitie^ 
iiuludc' Helf=testing syslenis via automntrd, Lciiivcipcra lud quc^^-t inn macliine^i, 
seif=^corin^ qui/ cardie, puiicb bcMidH, and visitor oricrilatinn and ^uaUsetting 
sV'.tnni*. { (li'irii'^'.r'i. I htdrnv). 

Tlie selF4est recycling niachinc studie^i clarified the importance of feedbnck 
and nchicvpnient incentives '^nch as the ''expert medar^ for |o*irning. Many 
visitiirs vvcMc^ readily motivatefJ to repeatcHlly test ihenieelvoH on exhibit crite- 
rion question'; and invent c on^idcrablr time and effort to acbieve ^prcific learning 
goals. However, niany viBitgrs preferred learning the necessary material from 
the niachinc rather than from the noninteractive exhibit. Mnre fiyiUcmiitir 
invesligalion is needed to detcrjnine how thi^^ can he p\ crcnniG for purposes; of 
obtaining visitor-exhibit intoraction, and to establish more clearly the effects of 
variaus self= testing syBtems on visitor performance and their prn^^tic ability and 
CDHt=effectivencsfi in comparison with alternative approaches. 



Visitor Orientation and Goal betting 

Additional approaches for helping the visitor make productive usc cf exhibits 
include: (a) pre- or [nistexhibit orienltit ion are.iy which pruvide imporlant 
background concepts and perspectives and (b) goahsetting systcnnB for helping 
the visitor to establish specific learning goals prior to entering m eKHbii. 

Orientation areas, ad|acent or parallel to major exhibits or g.illerics, could 
contain interactive audiovisual teaching machines, coiTiputer-based displays and 
response terminals, saund^slidc preBentatiGns, single-co ncopt siipcr-S cartndge 
film presentations, films, etc, As stnted earlier, the recycling stu die^ indicatod 
that the recycling self^tCBt machine was highly effective in holding visitor 
cittention, often at the expense of the reference exhibit. In orient^ition areas 
these attention-holding featiirt^s of responsive machines; incUidLng computer- 
based displays and response tcrrninnls, coidd be put to good u^c in securing 
the attention of visitors to self-contained 545-minute Belf-instr lictional units 
presenting overviews, important principles or historical perspectives, developing 
technical or scientific procedures, perceptual sensitivities of import^^ncc in view- 
ing art objects, attitudinal shifts, and so forth, When visitors n ro exposed to 
such materials either hefore or after visiting a major exhibit cir g^'d^ry prescnta- 
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linn, [hi*i h atk^^ riunul mtikl licip (hern ui>Tnni/^(', mor^^aiii /o, riiuJ prncQiia wh»it 
(hoy h^i^c 'ii'i^n of arc nhotii to Hpr, ruiilu*r diHciission of sonio of thc?Hn 
puiunbi lllio<=^ will ha Ibiind in Clinpicr V. 

GanI letting mny piTiviclr nnolhtT irnportanf; Gbm^^nl in lidping visitprfi 
nn^ani?:a <\nd pfocam cxhibil c>r ^;nltury infornin tinn rnoru otfccHvcIy. Ru&iill'i 
ill (.ondiliun I: t «.HnpnriH(His iii llii* ijaiiiur *d<.ull ^(iicliaH su|*)5uslud thcit prc-Qxhiblt 
tc*sU> nncl lists of irisi riir tionnl ab jrcliv'CH kidded to the nbility of sonicr vir;ilorH 
in aduevc high posttCi^i Hcort?*^. If gonl selling is impoiinnl:, the task is to 
detcMinlno how ^isi tors c^nn iduniify «ipecific fle^rning) goals nround whidi tlicy 
tan prnducfcivcly organize dicir cxhiliit PxpI.Dra tioiiB. 

Some K^o uld ^^ny that idpnlifyin^^ specific iGiirniiiij goals for the visitor would 
nfrr^isarily restrict hi^ activities. But tliig need not be bo, nor should it be. As 
noted inChnplei' U m Mi'^Mvn feature of the museiim is its hick of coercive^ 
structured sy:iteriiB, The c-sbility of the visilor to explore freely niid to personalize 
hiK activities Bhould be kept intiurt so far as is possible. 

But the t=o[;k jihn in in help the victor to mnke hin explarn tion?i prndtictivc, 
A'l has hcien ir>dic-iled^ tliis is lesb likely without some "purpose'^ for such 
t'Xplcira lions; th -It is, without Bgme kind of Iciirning goal Sudi goals can be 
ni*-ide a VjUlablo to the viBitar in various ways. The self-test recyding tnachine 
wan one Way of doing this, nlthoiigh, in this case, the visitor coiild not cliooso 
among nlternativc goals. Re^'Cnrdi is needed to establish soiiie of the effective 
CO ndi lions and jindtntions of vdrious possible visitor goal-setting procedures, 
rhu foHovvi u}] are coffered .^s exrimples of sonie of the pusBible approaches; 

(a) VHsitor^ could explore amon^^ visLially presented topic ''previews'' 
(cafctoria style) in niuscum bbby areas. From these he coxdd select which- 
ever nnc he vvighes for rifiDro detailed SKani inatioii at the apprt?printG 
eKhibit^. After selecting a topic-goal he would receive a inap, a list of 
lea mini; objectives, ^nd, perhaps, sonic sd f-scoring quiz cards to hdp hiin 
inake productive use of the exhibit materi^ils. 

(b) Visitors cpulcl be provided n "deci^iDn-tree/' via a small cotnputer, 
which ^vould tillpvy the -visitor Id nnrrov^ down topic areas for possible 
invef^tigatiori. The coniputer presentr. a series of successively narrowing, 
brandicd choices, each ending with so^iio specific objective (learning tasks) 
in the Hclcctcd tcipic area dong with necessary guidance materials, For 
example, Figure 24 shows a successively branching series of choices 
(decisio n tree) involving Indian paintings before 19D0. The visitor even= 
tiialiy selects an objective at the level of detail he desires, Having selected 
the flo^ irrd lovc^h he is then given several choice at this level. A f tev his 
finnl choicp^ he receives a map, along with other learning aides, In the 
case of cootro vorsial or alternative a ppmach cs and viewpoints on the 
hiandlin^^oF specific EOp^ics, the branches could allow choices among these 
alternat ive approaches. 

(c) The physical design of ''exhibit spaces/' arranged in inazclike fashion, 
could aiHO provide ti decision tree for the visitor to establish learning goals. 
Upon entering the "nia/e," the visitor would nui\^c through a sequence of 
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I)r,ini:liin}; rtiorivt. (Mi h of vvliich vvatild pri'M-nf liini vvilK tltn isfi^PM con- 
inanncM' as tlii' computer iruMliad dc'u ribi'J tMrliCM\ 
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Vrojiw'-'] ill i't*<;onl yrars in thv im' o{ prO|^riiiTiinc:tl learning, ru!:;pon!jivc tenchlnjrt 
ni.uhiiuH;, aiuF i uji ipiilrr'^ fnv iiv,tnirtiaii in niaru formal cdurntional and traiiv- 
inj^ ^lilihil ioHH liai, Ic'd tu tin? ^^('nnnil fUrPpidiico of such technolugiey a haslB^ 
at luant in ijriiuiph^ (or intf>n>vinj^ the rfflriiMu y of in?^trurtion. TIio prac^nf 
|Hc>jiH I has rar ilu' giuMiUun as to whi'Hicr -Hich liyiitcmn might abo be iitili?:ed 
for udiitatiniial tUiU cuiiiuiunic. at ion p!ir|Hj^,LHi in public accent onvlronincmts mvh 
ivi niustnint!^, /:uc3!i, botanicnl parkh, ^lioppinK t^nlurn. 

The rv'^ulu of thr sindir^ rrpnrtcci hurv have indicated that jsubstantive learn- 
ing rmt cxciir in tliu public museum {oiw typo uf public access environment) 
throu^Th t\\a vi^c of rcsptmsivu Hyntenii} sudi as audio casgcttes and question-- 
an^^wer dnvicpr; at pxhil^ils, 

A rcBpon^^ivc exhibit i^^ onn in which the vicvvor, as ho proceeds through each 
conceptiial ^.tep, docs not simply 'look'' at soniethin^^, but is required to respoxid 
ill sonm bpedfic mannur to what lie thinks he seen or understands, receiving 
cnrrcctionnl feedback nboiit hb response. A response of some sort is important 
bucause the actions ncies^.ary to answQr a wdlHlesigned question direct the 
viewer to thoiie Matures of the exhibit (^i^e, ^hape, color, order, etc.) which 
arc important links in the new learning to bed cv^eloped, 

Thrtuigh the use uf pie-posttosts uur experimental results suggest that a 
inuscuin exhibit, or exhibit systein, can be subjcitcci to the same kind of evalu- 
ation in ternif; of- t crmina Kns itor perforniaiue an any would=be instructional or 
cuminuniration prcKodure. Data from the many TnuRGum visitors who partici- 
patuJ under varicuis exhibit conditions HUgixest that the effectiveness of any 
exhibit probably depends upon the sninie considerations that determine the 
erfectiveneBS of any instrucMonal pracedurp; viz., cnruful definition of tlic 
desired learnlnj^ oulconies of the exhibit, coniin unication of these goals to both 
the exhibit dt^si^ner and the would-be vi'^itor-learner, two-way interaction 
between the learner (visitor) and the exhibib frequent feedback to define prog- 
re^^. tcnvard a guab testing and revision of the exhibit system based on actual 
vinifor perfc^ nnanre, and so an. 

In Chapter [ we described ihr museuni as an attracti ve, open learning environ- 
ment. but onn with Hom- inherent probleniB which lower the likelihood that 
effective coniiiiunica inn and learning vvill take pbee within it. Among Hicsc 
were hetcn^iieneity of the museum audience, tlie absence of any particular learn- 
ing goal on which the visitor can base his e><ploration, the essentially passive, 
one-way nature of most exh ibits, which are not, or cannot, he responsive in any 
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%v,iy lu tlirir vir-worN, l\\v u)v\\u>ih i'j!iph)y<Hl in ilils pinj^i! h.wv MWmnlvd It) 
ilvM with [\w,v dilfu iiliir*. in Uii'iM* vvnys: 

fl) employinj^ iiifiMMc Uvr or rv^iiHiiti'ino liVfUi'iiv* (punciiboard muJ Jiiulin) 
vvliirli (iHUH iUo vi'iilor's .ittontion thrnin^li jiiu.ro^^sivt' f;tep^i toward .1 npc- 
rifir hMiiiinp, ()i(tr(im<.'; 

f2) t'lnployin^^ pvv pi 'air'nihi; J^'virps to incNVUirr tlio ottfromp of ihn 
viMitcir's r;chibit uxpc^rii^iu in roKition \o prc'clffincd insirurtionnl abjnrlivos; 
nnti 

(3) ufio of n rocyrlirn; proctHluri^ de-HiTlhcd in Chnpter IV, in whicli a Kclf- 
Icstinj^ dcvitr [noosiimd thv. ]v^nuu)\ [hci\ occurred, pmvidod vinitoni ft^cd- 
b.irk antl motivnlian to dcvcMr th^^ cffnrl ncM t'v^nry for learning, rnd (tht?o- 
rclirnlly .U Km si) vncouiwys'd vitutnr^' to prncess iho exhibit infarmotion on 
tlicir cHvn. 

An(ii() (ind PiDivhhotiYil Studies 

Tho siudics usinj; ihe puiu hboard udin fiy^lcni to focUB and control the nttciv 
tion of thr visitor inditaled thai iha [;ystein was moBt; effective in attracting 
the yaun^;pr (hclow 18) purf^on nnd lioIcHng hiB nttcniion. The system produced 
^i^Uiifi^'^int U'Avvuw. ill M leas! half of tlic pnrtiripant^; and ^van able lo brini^ 
/ipproximately percent of the pnrticipaiits to n mastory Icwul (92-TOO percent) 
of post test at hicvemcnt. 

It would not be correct tu conclude that it did this with a represcntativi: 
snnif>le of all inuseum visitors. Only about 25 percent were ndiilts and the data 
were based only on those person^ vvho were attracted by the test machine, 
ptuuhboard'^, si^ns, etc. Therefore, our population was, perhaps, a more "'moti- 
vated" ^roup, more ready to cooperate and more ready to lenrn. But VAihatever 
their t-harat-teristics, they represented a large praportion of the younger personn 
svho passed near the exhibit areas = 

The use of overt responses to questions, via the punchboard, with immediate 
audio and visual feedback to correct ansvvers, was initially believed to be neces- 
Bary to obtain the sustiiincd attei-tlon and cooperation of noncaptive, voltnitary 
visitors. However, from comparisons of the so-callGd M and AQ conditionB in 
both the skull f^\hibit and the animism exhibit, this proved not to be so, The 
use of the audio ca^^settes without the punchboard and with the questions asked 
vocally worked as well in producin^> high level posttest perfonnance as having 
the questions answered on the punchboard (Figures 8 and 9). Further invest!" 
i»ation is needed to determine if sonie kind of response device coordinated with 
audio may be more effective in some situations. The present appHcatiDn involved 
only n single exhibit and a simph! set of objectives. Overt responding may be 
needed for more complex discriminations, more difficult questions, or when a 
series of exhibits are involved over a longer time span. 

The role of the questions themselves, when presented on the audio caqsette, 
also requires further study, although the results obtained in those studies 
favored better performance when quest inns were used. K4uch needs to be done 
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til hi i'iliinj; lulifrji '^pccifii' pnipcriifs nF aiKlio (re C.'htiplor i tiisrinision of 
tuuliuun \u\)\u ly) Iwivu facili i ,it ivtMMToctH, with niicl vvithcuit the u^^e of atluntinii- 
uHitrollini; i(iH'hlu>nH. Tin* niulio in lipl^^ tJ'KHl in tho Hkull Hlikly wtire not wull 
U! I itnl hi da ihiH, 

MoHi viHitors ONhibilcnil little-', if tiny, learning from the exhibit when they 
li,ul no guidaiuc di'vitt^h ,ind no prP-eNhibil to^t or otlior knowledgG of vvhat 
\yas CKp<Hted nl' them {i\\v K{NP) ^ituatiun, Figures 11 and 17). This result does 
not *iu^;iJr well for ihohv liiuHuuin ftlucatorH vvht) believe thnt the static inusetim 
disphiy, if Ciircfully doMi^^necl »ind art iH tied II y arranged^ will ''communicate'' the 
ideas contained therein to the interestod vifiitor. There were no differences 
betvvcen the normal pretext perforrtiance and the post test performance of ih^se 
who had ritudied the skull exhibit without aides or a prior pretest. 

On the other hand, some learning did occur under these conditions (Study 6) 
tit ihu animism eKhihit, although the rc^Tult^i were significantly poorer than under 
other exhibit conditionn. The nniniisni exhibit was more clearly related to the 
requ iroinents of the poMtient questions, its \aheb were shorter and to the 
puiii t, etc. 

The latter result point*^ up the import ant role of the physicnl design of the 
exhibit and itr^ pertinence to ripetific i nGtriKiional goals. Obviouoly, the physical 
desii^n. the simplicity of nn exhibit' h instructional goals, the clarity of its label 
etc, cnn influence whether lujine particular instructional gonl will be communi- 
cated (i.e., result in a nieasumble learning outcome). But, at best, the use of a 
static display without predefined goah, discriniination responses, feedback, 
oriGnting p» re tests, or the iike will greatly limit the subtlety of the instructional 
material which can be communicated and the number of persons who are likely 
to profit fron; it. On the other harnd, a well designed uisplay, carefully tied to 
instructional objectives, is likely to greatly simplify the systems for helping the 
visitor to process its contents. 

Concerning the retention of the learning provided by the Gxperimenttil learn= 
ing sy steins. Study 4 attempted to determine if the learning that took place 
under the M, AQ, and E conditions at the skull exhibit would be retained after 
2 to Id days. The results supported cm r expocta tion that the learning vA/ould be 
retained. Each group main tai nod its previous level of posttest performance over 
the 1 6-day period. 

In Study 3 the amount of learning that occurred vvhile visitors looked at the 
ex hi bit laitlwut the audio or the punch board was significantly facilitated by 
taking a pretest (E and E(B) conditions). This was the case even though no 
feedback or other knowledge was ^^iven on pretests, From 15 to 20 percent of 
the visitors who took the no-feetlhack pretest prior to studying the animism 
or the skull exhibits on their own achieved 92=100 percent p?osttest performance. 

Althoijgh the overall eftectlveneHs of the pretest vvas less than when the 
audio or punchboard devices were used (Figures 10 and 16), the pretest experi- 
ence apparently helped soiric visitorB to proccsf; effectively relevant information 
from the exhibit on their own without benefit of programmed materials, audio, 
etc. The pretest may have helped provide for these persons a specific instruc- 
tional )?oal which then becnme the baBis for studying the exhibit. For example, 
having seen questions about orderirig the skulls according to age, sonie visitors 
subsequently examined the skull orders, and so on. However, it should be 
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pniiilcd out th.i! \]\.v {'xhil'i! iiiay noi hnvo plaved a rnl»' in \hv^v rosiiitn. 

No tnnlml y^roup was rini in which visitor'i took the prctoHt .incl then (aftor a 
cnmpnrahk^ infcMS'nl of nriitml nitivilv) took i\w pmiUi)^i vvlthoui visiting the 
cxhihit. It is pimihk th.it the improvement in poHttCHt pcrforninncc won the 
result of ihc pvcimt nnd not the exhihit visit, nhhoiigh the bck of pretest feed- 
bark mnken thin unlikely. 

Providiin^ visitors with jn Idea of what they were HUpposcd to loam, what 
to oi'gani/c, etr, miglit ah.n In* aLLoniphshed hy nioani; other than a pretest, 
Our Huhstitutian of n nimpU? shitcmcMil of obiectiveH on a card in place of the 
pretext (condiiiCMi tfl)) i^ one such approach. This method also resulted in 
tiignifiinnt impravernent over normal pretcHt performance. 

ThcBc and other methods for providing exhibit ''previews/' protests, and 
instructional ohjccliveH and t^oals need to be carefully investigated. The ''recycl- 
ing" self-testing procedures discussed in Chnpter IV arc but some of many 
possibilities here. 

In generak the results of those studies support the position that to reach the 
inajoriix' o( cap ital vi^iitor-- tti l^uyv pubHc^ museums, arid to extend the conv 
plexlty and depth of t:he exhibit information to this group, some sort of "con= 
trol" (iver visitor "ohservin;j; behaviors" is necessary so that productive attend- 
ing is "rewardetk' and nonproductive attending is discouraged (Chapter I), 
Individualized programmed audio-cassette tapes with or without a response 
device is one way of achio\'ing such control and a high level of terminal per- 
formance in the inLiijoritv of visitors who participate, 

Other possibihtiuu for contrulling such activities include the "recycling" 
systems described in Chapter IV, the use of portable response and self=testing 
devices such as those described in Chapter IV, public access "teaching machines" 
in orientation ceaters adjacent to main exhibit areas, interactive electronic 
exhibits, compuior terminals at or near exhibits, and visitor goabsetting systems. 



Portable RcBpoiiBc Devices 

In Chapter IV the use of self-scoring quiz cards with built-in feedback was sug- 
gested as a simple, nonmechanical means of facilitating learning through 
repeated self-tesi in^. Such self-scoring cards (sec Chapter IV for descriptions) 
also could be used to present a short series of tcnchin^ frames to shape exhibit 
discriminations around predefined concepts. Each frame could pinpoint visible 
exhibit features (shapes, colors, ages, sizes, structures, name^O ^sk the user 
to compare, relate, identify, name, choose between, or make some other 
specific response. 

Following the rxample given in Chapter IV, s" x 7" cards could be dispensed 
at exhibits, jnnh.ips from coin -opera ted vendors, or given out as part of exhibit 
tours. Each card could contain a series of question frames for a single conceptual 
objective in the exhibit. Or a pack of such cards could develop more compleK 
concepts utilising a scries of exhibits. 

Another simple way of providing for respoiiding and feedback would be to 
use. without audin, simple elecrromechanical qucstipn'answGr devices, such as 
the punchboard of the present studies, or devices such as used by White (1967) 
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.It. the r^uviTiu'i! liall of Scicriie, Whilu \vt^ afcoinpnnicd our punchbDatrd wSlh 
aiurdinatrcl audio to prnvidn a fiimple mQixm for atlonHon control, we did noi^ 
invuHti);nto the pof^sihln t^ffectivonpfiB of ih^ punchboard alone. TheoreHc^!ly^ ^1 
km, priniud pro^^mmnied rcfiponsc} materials, without audio, should In able 
to yield ^^ood vifutor pcrformnncc when carefully integrated with K^chlblt: 
in formation. 

Thure arc, on the eduiational and trainirg devices markef, an increasing mrm- 
her of low-cost, portable rPsponRc devices whidi provide feedback and mlo- 
niatic Hcoring capability, A continuously upclalcd list of such deviccB (aB wel! as 
nonmcchanical rcsponsu and testing devices] may be found in Carl Hend^^rshot, 
Programmed Lenrnhig: A BibUography of Progrmrw and PrasantaHon Devkes 
('H^73). (See abo rntelek, J 969.) Some of these dGvices would be readily adapt- 
able to applicationB in p ublic murieum and gallory settings. 

In Chapter IV a number of simple, sedf^ scoring response devices were 
described and Figure 23 shows examples of three of them. Some of these 
response devices (e.g., the QRS Responde^r In Figure 23C) serve only m an 
nnswerinn and feedback-scoring unit For questions which must be providied at 
or in the exhibits themselves or in some other source. Other devices can include: 
the questions themselves, such as the punchboard (Figure 23B) and others^'- 

It is important to distinguish between r-esponse devices that simply provide 
feudback as to whether or not an answer to a question is correct and d^vic^s 
that also provide a record of right and wrpng answers. The former (fc;edbiack 
only) devices simply give the user right-vvrong signals (green light, tone, ^tc); 
the larter (self-scoruig) devices, in addition to providing feedback, also record 
every response by punching a hole, making an ink mark, advancing a score, etc, 

A permanent record of visitor response& important, not only for program 
evaluation purposes but also to motivate the user to attempt as high a score 
as possible, Incentives for high performance could be similar to those ustd m 
our recycling studies. For example, visitors obtaining a high score on the IBM 
card of the QRS Responder could, if they wished, turn it in for an ''cxpeirr' 
token or other reinforcer found to be effecHve, Comparisons of the medal and 
no=medal groups in the recycling studies indicated the importance of such incen-^ 
tives in encouraging persistence and high-level performance (see Figure ZZ), 



Piihlic Access Tmching Machines 

The results of the recycling studies Indicated that learning from the machine 
itself was more popular than utilizing the exhibit for learning. 'T'yvQ-thirds or 
more of the par'.C'pants remained at the self-test machine for repeated replays, 
C^ver 14 percent managed to achieve a inastery token without visiting the 
exhibit. While this posed a problem when ^he purpose was to encourage Imm- 
ing from the exhibit rather than the machine, it BUggests that responsive audio- 
visual machines might be useful informatiDn resources in their own right In 
history and science museums, for example, they could teach important biick- 
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^f,r(nintl t ni^i rpl*. lur cxliilut'., iTCiviJE." ViUpfilr^iiMMi Ini'v in fc>riii<it ioii^ flU rniurptunl 
HUf>s in [\)V I'xhilMl's i add ifKloptli trrril nu'lit!', jirtfipnt nvervicwi, oF 

mii'.iMini i ! ilUH lion*., ,iiid *.(! (jii, In .'ill n i'l: ^^idlciy, ihvy loidd liflp tlcn/olnj) per- 
t=e(niuil siTisiiivihi's, duvt'K)!^ houdl nn<! hisitiriivd pui H|)t;(;livrs in arl, lutuh how 
jrl nb\vi Is .irc in.Klc; .ind mo oil 

Urtlikt* tlu' rtHytliii)^ tiuithiiu^ ionrlhln^; niiichiiu'^i coulil provido n f?ol(- 
rontiiiiuxl insiniriinn.d pnt Lu^r, rclniidf,^ lu nt'nrby uxhihihi but: operating* indc- 
[HMukMitly of thuin. Of kuur'^v, \\w.y wniild have to be lorated ho that ihey 
woidd luU intei Umc tir t oinpetu with l:lte nornia! viewing uf iniiHeuin exhibits, 
pcrh^p*^ ndjncont to ninin exhibit jpcj^ mM'vini> ■nmply ns nnothcr area for 
niuHUuni exploration. 

Thf tCii(diin>; marhines toukh and piabably Hhoulcl, incorporate many of the 
feature'^ n( thn rcivJiip; ninrhine frcquciit questions, ^tjlf-pnced re*iponding, 
feedback, 'storing, froc-jd.iy lokiMi^^ and, U needed, ^pcikil "cKpert" tokens for 
hij^h perfornuHu e. Mnnv of the que- Mohh, however, woukl be leading quef^tionH 
denigiTed [a ulitit disc riniinations, providi? praetira and B-ep by step guidance 
(owarLl a «^ppiifit' leiiroiru; objeelive. Lrarnioj^ objectives, ol ronryo, woidd he 
liniitCfJ to iho^'r whith ei>uld be rea^enably athieved by •^diort mst ruclional pro- 
giaius (jf fruin 3 k) ZO niinuteH. 

bo deni>urage random pkivlng nnd hc^lp nicet of^erating cunts, the mafhincs 
Lindd be coin-operatcal on {h(* first play while free replny tokenn or free games 
could be earned for modern te scores io entoiird^;e rcplnVH for thoBe who need 
them, ^^as^erv "expert" tokenn for higb performance niigbt be necessary for 
ibc KuiiUT ant! iroic dilficull jwovMMrrifi- 

The costs of 'Uu h des'lce^^, mndilicd for public access, would not be prohibi- 
tive, and probably could be justified in terms of the coutributions which they 
cuuld niake. A number of responsive niudinvlsual deviccB now on the market 
could oe ac^ipted for public access u^Q in mifHoums (sec Hendershot, 1973). The 
costs of custoni-prograninied niaterialR for use in Buch machines, however, 
would be high and perhaps beyand the current budgets* of most mtiseums. Some 
off-the-shelf programs, or sections of programs, currently avaihible from pub- 
lisher^^, concern topics wliich could relate to various museum exhibits. Pro- 
gramtiied niaterials are available on liundteds oi' tuples (Hcndershot, 1^73) from 
art history to atomic physics. Many of dnese are in booklet format, but could be 
adapted for use in responsive audiovisual teaching machines. The costs of 
adapting such off-the-shelf materinln \N'ciuld be far less than custom-developed 
materials. 



P ra ranifuaa lut c r n r f f v c Ex h i b it $ 

The studies reported here svere limited to audiovisual materials and adjunctive 
tesHnc: situations for use with fixed, linprogrammed, unresponsive exhibits. 
Visitor attention, cfuest inning, respoiuUrig, and feedback vvcrc all provided 
independently of the exhibit itself. 

Another possibility is to incorporntr interactive teaching-learning principles 

65 



0? 



inio llu' phyutal rxhibits thuMVi^^l vi-l lb clo fu), it woiikl fUill bo nt^ccfisnry to 
dviiiw ini^rui Uoihil (jlijiH tivr'^, Jji.ily/^t^ iUul artMiij^c^ inntcitive ncqumccB of in = 
lariiciiuihU t'luniiMiis, pruvitk* fur vi^ilnr r(/Mpon^.us, niui airt^in^o For nlr*p progrcMi- 
'iion and lerdbiu k, tc*ilin)^ vi<^iturf> nt rnrh nlai^c. 

HciqutMUinH/ ic'Frporulin.v;. niu.! fLMHUuitk could be built into the pliysical exhibit 
itself, with vlvcivimk lu-o^pMnunliip; cin/uiih [ircividinj* the appropriate seqticnc- 
inf^ ol liidit'>/ sli^lc'., panel inovcinunlfi, etc. Possibilities for presentation and 
<;eqiienc inf^ uf tjunstions iiulvi(le rotatlnn quoHtion panels, slides^ fipatlighted 
queslioiis, audio, TV monitors, CU:, Multiple-choice punh biittonH, when ncti- 
vated, would require a correct choice in order to advance the exhibit to the next 
sta^^e, Various parts of the exlubifc could be coordinated with questions and 
visitor respondin^^ via spotlights, moving panels, audio, colof-codecl areas, etc. 
The exhibit and viewer mi^^ht be linked together by means of small computer 
terminals located at or near nuiin exhibit areas frorn vvhich visitors could obtain 
instructions, answer questions, {fsk questions, test themselves, etc. Interactive 
exhibits obviously would be expensive to build and to maintain, 

As pointed out in Chapter k push buttons, panel questions, or dabornte 
uiQviiig exhibit clenuniis opcralcJ by visitors do noi necessarily consUtutc an 
effective exhibit in which learning is likely to occur. Most niuseurn people are 
fanulinr with the frcqueni use of buttons and manipulative gadgets as part of 
exlubits in scicnco museums and technical exhibitions. Unfortunately, in inter- 
acting with these buttons and gadlgets, visitors seldom are required to discrimi- 
nate between important rk^nients in the display^ much less receive differential 
feedback correlated with correct nnd incni rect responding. In fact, the visitor 
behaviors generated by these buttrms seldom go much beyond the generation of 
more button pushing and stati^lics showing that visitors are spending more 
''time" at the exhibits. 

We would wani exhibit plan tiers against the careless use of buttons and 
^*adgets simply to provide responses for visitors. Responding is of no value 
unless the response is In nonie Wttiy rekited to understanding the e)<hibit's mes- 
sage; that is, to the ability to campare or discrinunate between objectB, state- 
ments, actions, etc. vvhich relate to the exhibit miessage. Buttons and other forms 
of responding, are kiclpfu! when they require the visitor to use exhibit informa-^ 
tion correctly in order to dct ermine which of several buttons to press. The 
bu.tton should then produce different results (feedback) for a ''correct'' choice 
(for example, advance of tape, a green light, a changing exhibit panel) than for 
'Incorrect" choices. In other words, the visitor should not be ab!e to '^play'' 
gadgets without appro t^ria to attention to and undersuinding of the exhibit. To 
be sure (hat a visitor "sees'" \vhat you want him to ''see/' it is a great help to 
ask him to da something, tlic effect of wiiich requires that he has In fact seen it! 
Buttons arc sometimes a convenient means of doing this. But, if the purpose is 
some kind of instructional communication, we would discourage their use unless 
tney do perform this function. 

An interactive exhibit need not: involve electronic gadgets. Interactive prop- 
erties could be built into the arrangement of physical spaces. As an example of 
hUch a possibility, the author in a; recent paper (Screven, 1974a) described an 
interactive exhibit designed as a ^^eries of multiple "T-mazes.'' To quote from 
this paper: 



60 



60 



C'nivnt.l<T .\ tinr-vv,iy inU'rpri/tiv/Cj c^liibilinn .iriMii^^cil .if; n uvrW^^ of "hnli^;" 
;ir[hinif«\i by "t hoiu' iiinnf'i/' ^Ik^phy itifonihilhm i-^ prvscntoJ in , earfi of 

whifli leadM In n cIum«;(! jnunlL fiarh cliuicc poiiU> «i "tCtU'liinp tji it; clenrly 

sjKJtlii^hteil on ihc- w.ilL ^Oaivj;. m^'h iw<j .lUernntivt? ''.inHWors," Civ llic correct 

nriHvvfT r('L|ijir|H, ti\o vi'Ml:(.)r !o f^fv^livcly inU:^;ratc thu f.iLlH, labcli^, .Ui mkI^j, concepts, 
vh'. prvuvutvd in the Iiall If he dUiO^Ps nHHWrr hu goc*; Jtnvn Uit? pnlh i:o his left; 
if \w ciiDOiii'^ niv-wcr 2, hu gous Ouwn ihn pnlh lu hin vlyhi. Correct pntlv* It^ad to tho 
nf'xt hall niul a now ^-rh^^ice ^jiitj^f^inn buildin|^ upcm the inform.Uiun in the provioufi 
halL Incorrect path'* lead la '^kad Rndfi/' which contain atlditional display matcrinlM 
tlc^Ugned to "oxplnin"' anJ lu ct^ncct the error. Vhv ''dead end'' would return the 
viqitnr via a f^epamtc pdlli h<Kk \o tho Original hall where he could again look at 
the display materiah^ and qui^f^tinn that he nnnsed, Another pos^iibility for 

handling hi»^ return from thi:j-i "'itead end" would be to provide at the ''dead end" 
arrn a ^;ec^nd 2-choice, reiTit'dijI que^^tion whichy if answered correctly, would lead 
the vi^utor back to the* originii! hall, or if answered incorrectly, would lead back 
again to the ''dead end'' are-i 

There are i'lany inlcrt^'Uinp'^ f n^^sibilille^^ for dcHij^ning exhibit spaces so that 
the \\]\h laken by iho vhitor depend on htH "understanding'' and effoctivG 
U'.e of ibc di?4day inaiutuiJs. Siivh nielhinh' svomIJ rsrovide similar kiiub^ of 
"control" over visitor afitenitiw and learnini; as pr^ vided by responsive elci^- 
Ironic esbibils. 



Tlia Potentini Role of Coiftputers in MuscumB 

The posHibility ui' providini^ f rof^ramrned, interactive exhibiis raises the topic 
oF computers and the possi;bili.lic?s of .^oinj; beyond the eonccpt of- programming 
the comniunicatiun of sinj^le cotuc^ptH in a single display. The vast capabiliUes 
of the eomputer vaiso?^ the possHhility not only for developing individualized 
learning systems around iiidividiial exhibits, but for hnrnessing the entire mu- 
seum as ail open, re^pDnHis^c. learoing environment. With its vast memory 
potential, its capabilities for high-speed Information retrieval and data pro- 
cessing, and for problem ^^olving *ind simulation, the computer has immense 
implications for reahHin^ the full potential of the museum as m open learning 
environment. 

To date the compuler*s txik- in museums has been almoBt nonoxistent. Where 
it has been even con^ndered, diSi:ussion has centered on the computer's role for 
record kecpine, and adminiPtroUvc Fimctions. But the real potential of the com- 
puter's capabdities is as an i^ifihifCfioihil devict^. Thus, the computer could inobi- 
lizc all of the resources of ihi} mu^icum to meet the individual learning needs of 
the visitor; it could convery^Q >vUh him, challenge him, test and evaluate him, 
relate bis interests tu exhibits, and help him explore their implications. 

The computer- could not only provide direct instruction on particular topics 
but could also develop the visitor's abilities for inquiry and investigation, using 
the museum's exhibits as tliQ framesvork for such activities. It could challenge 
the visitor to explore the imtimmi erivironment to achieve specific learning 
goals and manage his movements and exploratory activities so as to maximize 
the chances of his achievin.q hi^ goals. The computer could provide learning 
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I'XfH'f'it'iuus in it^unvn l i^^lu thai inuki duvulap lunv pci s[Kn;tivuH, nuw skillh nnd 
intrn-;is, Thr uHnpuU'r timkl faiiiuLur a politiuil sjr fauiril Hyslcm ur ci hisluri- 
tvil v.vcni, rccjinrini^ tlu:! visitor io n^>k a MiTit'^^ of k\uv^[\imB^ on^nnizn fncts, npply 
jnlTuiple*', predict runfH'CjiuuiLP!*, di:.(nvor dcfccis, ovniuntc dcti^iionH, and 
furth. It could even rcforuo problcnv solvin^> activity in simulated Bocial, polifci- 
c.il, t'coiioinic. and othcM' ';ituniions. Thus, die ionipuler gncR beyond the 'bench- 
ing mnclune" 'U' prc)j4mniincd oKiijl^it system bcrniHiu, iinljkn the ordinary pro- 
^^ramnicd lenrning 'Mtuation, tlio computer is not limited to n set of finite 
'\nrrccl" rcspoiisc!., but can provide for "open-cndcd'" responnc^, carry D\it 
dialoju^c!!^, and ho Inrlh. 

CoitcluBions 

In cnnclu!iion, these experimental inveutigationH provide some support to the 
idea that substantive, productive learning cnn occur in the pub He museum and 
thnt nuiHeum exhibits probably are subject to the same kind of evaluation as 
any WQukbbe instructional or coniii ' MCation ^ysten^ We would not wish to 
conclude that the specific proccdureB cinployed in these studies, such as aiita- 
stop audio ca9Rcttes, punchhoards. or nelf-testing marhines, are the answer \q 
better nuiseum communication- Some sort of control over visitor attending 
bohaviorH apparently is needed along with better visitor motivation and oppor- 
tunities for goal setting. But nnich investigation—hopefully experimental— still 
needs to be done on the ugos of audio, visitor response systems, testing systcf i^n, 
and the many cither possibilities for facilitating learning in public museums, 
l^ho possibilifioB abound in the literature on museum behavior, but littk 
has been done to systematically implement and experimentally evaluate thmo 
many piissibililies, (See Goldman, 1970, for a variety of possibilities reported $t 
a conference on museum science education.) 

The critical need at this stage is that experimental research is done. The 
highost priority should bo given to the developniGnt of practical means fof 
objectively monitoring the museum visitor and what is being communicated to 
him. Some of these objectivo measurements will necessarily have to intrude on 
the visitor's normal movements within the museum at various times. Visitor 
measurement may include structured interviews, ra^ing systems, and objective 
testing formats with multiple-choice and matching questions. But also, hope- 
fully/reliablc and useful methods can be developed which are unobtrusive {me 
Anderson, 1968, and Webb et aL, 1966). 

But if this is to be done, museum admlnistrntors must find ways of encour- 
aging their staffs- particularly tho^e who work at planhiing ^.nd preparing ex- 
hibits for the public - to practice a more directly empirical and experunental 
approach as part of their regular efforts to find out what visitors actually do, or 
can do, after they have been exposed to their exhibitions and displays. An 
important first step in this direction would be for museum planners to beconte 
more familiar vyith the existing facts and principles on hunuin learning, human 
motivation, and instructional systems design. The reference section includes 
some basic introductory matenals which may be helpful to the reader v^ho 
wishes to make a beginning in some of these areas. 
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Onv final Ward, I'hnnij^lioul llii*. mDiiO|^rapIi, vvc hnvt^ used the [crm "tccli- 
nuloj^v'' in unuUH tinn vvit() f\K iiil.Ufnj^ tt'iujun^^-Ioni ning funrtion^ fn mmmm^. 
For many museum prurohsiunnls t^'^pecinlly in art inu'unirns, the [crm ''tuchnol- 
ogy'' is out uf pKicc, There in rnncorn that tnchnolo^^y niul f^ndj^ctry, for ^'x- 
nmpio, mij:^ht nvcr^hndow the? 'Sclf-diHcovery'' process presumed to be going on 
for many min;ciiim \'i .itors. And might not tt^dinology chcingc the emphasis of 
many mmvumB froni "eJut-ational tmrichmcnt" to simply high-claHy amu^emcni 
t'citlc'i^.? The? answer in lhat, indeud, it might (and in ^^oiTic cases already has). 
But it i'4 important to note that the "technology" of which we have been spe.ik- 
ing was HOf intended to mean a technology of gadgets, but a technology of 
iuudxitsh-, that ifs, a way of defining and implementing the instructional process. 
If effective communication in mujenms is accepted as an important goal of 
museums, then this "technology" uf analysis can be of help in providing a 
systematic, empirical basis for analyzing and coordinating museum resources 
and media to assure that these resources do communicate worthwhile messages 
to a reasonable proportic^n of visitors. 
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Appendixes 



Appendix A 

PUNCHBOARD QUISTIONS: SKULL EXjHiBir 

The 16 queitions on the skull program were used as a singk sheet on the 
punchboard. Each question was accompanied by the audio script for the 
M-Condltion (see Appendix B). 



1. 


THE PART OF THE SKULL THAT CONTAINS THE BRAIN 
IS CALLED THE _ -- --^^ AREA OF THE SKULL. 
Q BACK O CRANIAL Q CEREAL Q TOP 




Q EARLY MAN Q NEANDERTHAL MAM Q 


3. Qtrue Op^lse 


4. 


QmORE pointed O less POINTED 


3. O EARLIEST MAN Q CRO MAGNON Q HOMO ERICTUS 




QSAME SIZE O LARGER Q SMALLER 


7. 


Q AUSTRALOPITHECUS OhOMO ERECTUS OEARLy MAM^APE 


B. 


O SMALLER O LARGER Q SAME SIZE 


9. OlAVA MAN Qr^^^i'i^ecus 0 avsikaLofitkcub 


ID. 


Q LARGER O^^E^ fiMALLER 


11. 


O SMALLER O^^^CER 


12. 


q no particular order 

q the oldest on your left to the 
"^^ most modern on your right 

Othe oldest on your right to the 

MOST MODERN ON YOUR LEFT 


IX Q RAMAPITHECUS Q NEANDERTHAL MAN O AUSTRALOPITHECUS 


14. 


Q hOMO ERECTUS Q MODERN MAN Q R^^^APITHECUS 


IS. 


O NEANDERTHAL MAnO AUSTRALOPITHECUS 0 MODERN MAN 


1 


0 o o 


AUSTRALOPITHECUS RAMAPITHECUS RAMAplTHECUS 
RAMAPITHECUS AUSTRALOPITHECUS AUSTRALOPITHECUS 
hOMO KKECTUS NEANDERTHAL MAM HOMO F1?OTU0 
*;iANnERTHAL MAN HOMO ERECTUS NEANDEnvHAL iAAN 
MODERN MAN MODERN MAN ^10ni.i(N MAN 
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Appendix B 



AUDIO SCRIPTS FOR SKULL STUDIES 

1. Antih Script, M-Candition. 

We're going to find out about the Age of Man E5<hibit. look at tlie pan-els in 
front of you. There are many skulls on the panels and they aren't the same! 
Some arc different from others, The skulls have large white letters above 
their heads, Look at the panel farthest to your right. The skull of» that panel 
has the large white letter A above it. That^s the skiill of Modern the kind 

of sktill that people have today, Take a close look at Modern Evian's skull. 
The back of his skull and the part that is above the j.ivvhone, and in back of 
the eyes, is the part that contains the brain. That is called the craiiial area 
of the skulk Now answer question 1 on your answer sheet. 

Good! The part of the skull thnt holds the brain is called the cranial area of 
the skulL That's the back of the skull and the part that's above the jawbone 
and behind the eyes. Take a good look at Modern Man's skulk The cranial 
Mvn ni MndiTn Man's nkidl is Urge and rTnakes up a big part of th^ skull. Now 
' >ok at the panel just to the left of Modern Man. That panel h.^^ a skull with 
a large white letter B above it. The name of this skull is in large ^vhite letters 
at the top of the panel. What is its name? In question 2^ nanie ^%u\] B, 

Right! This is the skull of Neanderthal Maa, Modern Man's most recent 
ancestor. Neanderthal Man was the first form of man to have a brain of 
modern size. Since his brain was the same size as that of Moderi^ Mmf 
docs that tell you about his cranial area? Compare the skull of Neanderthal 
Man with that of Modern Man. Do their cranial areas differ very greatly in 
size? Look closely at these skulls and listen very carefully because here comes 
question runnber 3, Is this statemenl true or false? Since Meanderthd Man's 
brain was about the same sl^e as that of Modern Man, his cranial area must 
also be almost as large as that of Modern Man, 

You're right! The cranial areas of Neanderthal man and Modern M^m are about 
the same sir.e. T'heir cranial areas are the same size because Neanderthal Man's 
brain was about the sc\mc size as that of Modern Man, Even though Neanderthal 
Man'?; skull Is alnnost as large as that of Modern Man, it is sh^^pcd a little 
differently. Take a close look at the shape of Meanderthiil Man'g cranial area, 
Coniparc it with that of Modern Man. 

Do you notice any difference in the way the backs of their skultg are shaped? 
Look at the skulls of Neanderthal Man and Modern Man c^fefiilly and 
answer question 4. Is the back of Neanderthal Man's skull more pointed or 
less pointed than that of Modern Man? 

Right! It is niore pointed. Knowing that the cranial area of Neand^i'thnl Man's 
skull is bolh pointed in back as well as large in size are good Way^^ to tell his 
skull apart from the others, Novv look at the panel to the left of Neanderthal 
Man, That h the one that has the skull with the large white lettef C over it. 
The namr of that skull is in large white letters at the top of the p^inek That is 
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the ^kuH of Earliest Man. But there is a better, more scientific name for this 
skuU in small white letters under Earliest Man, To answer question 5, find his 
scientific aame. 

Good! The icientific name for Skull C is Homo Erectus. Homo Erectus was an 
older forn-i of man tlian Nearderthal M*in and his brain was smaller than, 
that of Meanderthal Man, Compare the skulls of Homo Erectus and Neanderthal 
Man, Look closely at their cranial areas, Do they differ in size? Connpare the 
skulls and ansv^er question 6. Is the cranial area of Homo Erectus the same as 
that of Neanderthal Man, larger, or smaller than that of Neanderthal Man? 

That's rlgbt. Slnc^ Homo Erectus Is an older form of man with a sncialler 
brain than that of Meanderthal Man^ his cranial a^ea is smaller than that of 
Neanderthal IVlan- Take aiiothei look at the skulls of Homo Erectui and 
Neanderthal Man. Look closely at the shapes of ';hdr cranial areai. Do you 
see the Way the backs of their skulls are shapsu? Notice that the back of the 
skull of Homo Erectus is even more poinieci thatn that of Neanderthal, Now 
WG know tliAt the skiill of Hoino Brectus i'^ bcth smaller ia size and a little 
nriore pointed irn b£^ck than Neanderthal Man's Look at tm panel to the left of 
Homo Erectus. The skull on that panel ha.^ z\ large vvki^^p letter D above it. 
The larger white letters at the top of tb: panel fell yot; that this is the skull 
of Near Ivf an. But just like the sTcull of Honno Eactu?. tliere is a better, more 
scientific naine for Skull D than Near Ma v 'V? nnsvvpr question 7, find the 
scientific name for Skull 

Good! The scientific name for skull D is ' i aiopiihecns. Try t;) pronounce 
that. Aiistrnlopithecus. J\LiBtralopithe^us k a vety M ances^ur of man who 
lived even beforD Homo Erectus. Loo!: at the ev:h[tit. Wc'rr ^oing lu compare 
rvvo skulls ^gair^< This time we will compapj the rvanial area of Anstralopiihocus, 
the older sW.k with tlia t of Homo Er<^ctus, the mc^re recent sliiill Look closely 
at the skulk ^^F AustralppithecLis and Homo Erectus in the exhibit. In que^Hon 
is the cranial nfoa of Australopithecus snialler than that of Hprno Erectu*^, 
larger, or the s£inie fj^c as that of Homo Erectus? 

Great! You got it right AustTalopithecus is Dkler than Homo ErectTis ; therefore, 
his brain was smaller, and AustTalopithecu^. had a smaller cranial area than 
thnt oF the more rcctrii Hom.o Irectiis. ^ 

Nnvv lets look at the p^inel to the left of the skull of Australopithecus, This 
is the piinol farrhr^t [a the left in the exhibit. NJotice that there Is no actual skiill 
on thntpnTtcl, just tho outline of a ^kull with the large letter E above it, In 
qiiestlon 9^ find the ffcic7Ui{ic name for skull E, 

Gcic^d! The Bcientific name of skull E is Ramnpithecus. Ramapithecus Is the 
oldest ancestor of man in the eKhibit. He lived over 14 million years ago, and 
his skiill would be oUier than the skull of A.ustralopIth€ct!s^ but he lived so 
long L^p,o that only a few^ hone fragments of RaniapithecuB have ever been 
found. The dra^^vipg of the skull on the panel h what we think he looked like. 
Compare tfie drawing of Raniapithecus with the skull of his closest but more 
recent rdativo^ Auslrakipithecus. If we actually had a skull of Rarnapithecus 
taconipare mth that of Aitstralopilhpcus, how do you think their craritnl areas 
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would differ? In quohition "10, shoidd the cr^ninl area of RamapithcCUB be 
larger or even smaller tKan that of Australopithecus? 

Fight! Ramapitbeciis is older \hm Australopithecus md, therefor^, his cranial 
area should be smaller. Look at all the sku.lb in the exhibit ar\d listen carefully, 
beCiiUHe here ct>iiu\^ quoBliun 11. hi general, docs a marc rcccrii skull have a 
smaller or a larger cranial area than an older skull? 

Very good! More retciit forms of mnn had large brains and, therefore, larger 
cranial areas than older ancestors of man. Laok carefully at all the skulls in 
the exhibit. Do you sec hovj they are armnged? In question 12^ find the order 
in which the skulls ate arranged. 

That's right! The skullg in the e5<hihtt ary aiTanged in order froni the oldest 
on your left to the most inoderr on your right. For the next Few questions, try 
to remember the scientific nanies of the skulls without looking up at the names 
on the ptinels. In cjucBtion 13, name the skull that is older thara Modern Man, 
but mDre recent than Homo Erectiis. 

Good! NfMnderthal Man came between Homo Erectus and Modern rvlan. Look 
closclv at the exhihit,Find the skulls of hoth AustrabpitheciiB and l^eanderthal 
Man. In question 14, name the skull that is older than Neanderthal Man, 
but more recent th*:in AuBtralopithecus. 

You're right. The answer Is Homo Erectus, You can tell HDmo Erectiis is older 
than Neanderthal Man and more recent than Australopithocus hecaugf he has 
3 smaller craiiial area than Neandcrtha] Man, but a lar^;cr cranial area than 
Austraiopithecus, This time, in questiDn 15, name the skull that conies between 
Ra map i thee us and Homo Erectus, 

That's right. Australopithecus comes bet%veen Ramapi thecus and Homo Erectus, 
Now for one final question, sec if you can remember both the names of the 
skulls and their a^es. To answer question 16, poke the hole over the list that 
correctly nanies the skulls in order froni the oldest at the top of the list to 
the most modern a t the bottom. 

Great! You did very vs*eIL Now take your machine and answer sheet back to 
the attendant. Thank you for taking the program. 

cncJi qiiCBtiou. Tlw piincJibonrd wns not UBcd,) 

We're going to find out about the Age of Man Exhibit, look at the panels in 
Front of you. There are many skulls on the panels and they aren't all the same. 
Some are diFfercnt froni olher*^. The skulls that we're going to talk about 
have large white letters above their heads. Look at the panel farthest to your 
right. The skull on that panel has the large white letter A above it. That's the 
skull of Modern Man, the kind of skiill that people have today, Take a close 
lank at Modern Man's skull. The hack of his skull and the part that is abov^e 
the favvbonc, and in back of the cym^ is the part that contains the brain. 
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That is called the cranial area of the skiilL Now answer this question! what is 
the name of the part of the skull that contains the brain? pause.) 

The part of ihe skiill that holds the brain Is callod the cranial area of the 
skulL That's ihe back of the skull and the part that^s above the jawbone and 
behind the eyes. Take a good look at Ivlodern Man's skull. The cranial area of 
Modern Man's skiill is large and makes up a big part of the skulL Now Ipok 
at the panel Just to the left of Modem Man, That panel has a skull with a 
large white letter B above it. The namt of this skull is in large white letters 
at the top of the paneh What is its name? Name skull B. (S'sec, pauBe,) 

This is the skull of Neanderthal Man^ Modern Man's most recent ancestor. 
Neanderthal Man vvas the first form of man to have a brain of Modern size. 
Since his brain was the same size as thiit of Modern Man, what does thf*t tell 
you about Us cranial area? pm/sej Compare the skull of Neanderthal 

Man with *^ 'r . of Modern Man. Do thdr cranial areas differ very greatly In 
sizer (I ore. vausc.) Look closely at these skulls and listen very carefully 
becaus.: hcx( comes another question. Is this statement true or false? Since 
Ne-^nd ^thal Man's brain ^^as about the same size as that of Modern Man^ 
his crani.aJ area must also be almost as large as that of Modern Man. (S-bcc. 

The cranial areas of Neanderthal Man and Modern Man are about the satne 
size. Their cranial areas arr the same size because Neanderthal Mans brain 
was nbout the same slzti that of f^odern Man. Bven though Neanderthal 
Man's skull is almost as i.^r^v = h<)t of Modern Man, it Is shaped a little 
differently. T^Ve a clem ai the shap*^ or Neanderthal Man's cranial area. 
Compare it with that of Modern Man. Do you notice any difference in the 
way the badcs of their skulls are shaped? Look ^t the skulls of Neanderthal 
Man and Modern Man carefully and ansvver this question: Is the back of 
Neanderthal Man's skull niore pointed or less pointed than that of Ivlodern 
Man? pnuso.) 

It is more pointed, Know ig that the cranial area of Neanderthal Man's skull 
1h both painted in ' i. .is vvell as large in size is a gooci way to tell his skull 
apart from the othcrr^. Now look at the panel to the left of Neanderthal Man. 
That is the one that has the skull vvfth the larger white letter C over it. The 
name of thnt skull is in largt- white letters at the top of the panel Thnt Is 
the skull of Earliest Man. But there is a better, more scientific name for this 
skull in small while letters under Earliest Man. Find his scientific name, (5-&cc. 
pause.) 

Thi} siientifiL' name for skull C is Honio Fiectus. Homo Erectus is an older 
form of man than TNfeanderthal Man arid h brain was smaller than that of 
Neanderthal Man. Compare the skulls of lluina Erectiis and Neanderthal Man. 
Look closely at their cranial areas. Du thoy differ in size? Compare the skulls 
and answer this question. Is the cranial area of Homo Erectus the same as 
Neanderthal Man% larger^ or smaller than that of Nennderthal Man? (5-?vc. 
puit{$v,) 
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Since }\omo Ercctus is an oldor form of man with n smaller brain than that of 
Neanderth.il Man, bin CTaninl nrea Is smaller than that of Neanderthal Man. 
Take another look at the skulls of Homo Ercctus and Neanderthal Man. Look 
closely at the shapes of their crani.il arGas. Do you see the way the backs of 
their skulls are shaped? . . Notice that tho back of the skull of Homo Irectus 
is oven inorc pointed ihnn that of NoandcrthaL Now wc kno^v that the skull 
of Homo Erectus is both smaller In size and a little more pointed in back 
than that of Neanderthal Mm. took at the panel to the left of Homo Erecttis, 
The skull on that panel has a lar^e white letter D above it. The large white 
letters at the top of the panel tell yoii that thi^ is the skull of Near Nan. But 
just like the skull of Homo ErectuS, there is a belter, more sciontific naTTie 
for skull D than Near Man. Find the scientific name for D. pmBC^) 

The scientific name for skull D is Australopithecus. Try to pronounce that, 
Australopithecus. Australopithecus is a very old ancestor of man who lived 
even before Homo Erectus, Look the exhibit. We're going to compare two 
y>k\\lU again. This time vve will compare the cranial area of Australopithecus, 
the ultler skulh with that of Humo Erectus, the more recent skulk Look 
closely at the skulls of Australopithecus and Homo Erectus in the exhibit. Is 
the cranial area of Australopithocus smaller than that of Homo Erectus, larger, 
or the same size as that of Homo Erectus? f5-src:. pause.) 

Australopithecus is okler than Homo Ercctu?, therefore his brain was smaller, 
and Australopithecus had a smaller cranial area than that of the more recent 
skulh Homo Erectus. f5-scr. pamc,} 

Now let's look at the panel to the left of the skull of Australopithecus. This 
is the panel farthest to the left in tlie exhibit. Notice that there is no actual 
skull on that panel just the outline a ?kull with the larRe letter E above it. 
Find the scicntifir rmuc for skull pnii^^cj 

The scientific nan e of skull E is Ramapithccus. Rnmnpiihecus is the oldest 
ancestor of man in ^hr exhibit. He lived over 14 mlin.m years ago^ and his 
skull would be older th^n thj skull of Australopithecus Rut he lived so long 
ago that only a f'^w bone ivn^^ment"^ of Rarnapith.ecus have been found. The 
drawing of the skull on the p ^u^: whr.t ivo think hr k oked like. Connpare 
the drawing of Ramapithccus with the skull c f his closest but nnore recent 
relative, Australopithecus. If we actually had a skull of Ramapithecus to 
compare with that of Australopithecus, how do you think their cranial areas 
would differ? Shatdd the cranial area of Ramapithecus be larger or even 
bmallrr than that of Australopithecus? f5-sc^c. pause.) 

Ramapil^^ ::us is older than Australopithecus raid therefore his cranial area 
should be smaller. Look at all of the skulls in the exhibit and listen carefully, 
because here comes another question. In generak does a 7nore recent skull have 
a smaller or a larger cranial area than that of an older skull? (5-5Vc. pivtsc,) 

More recent forms of man had large brains and therefore larger cranial areas 
than older ancestors of man. Look carefully at all the skulls in the exhibit. Do 
you sec how they arc arranged? Find the order in which the skulls are arranged. 
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The skulls in the exhibit are arranged in order from the oldest on your left to 
the most modern on your right. For the next few questions, try to remember 
the scientific names of the skulls wIthDUt looking up at the names on the 
panels. Nan\e the skull that is older ihan Modern Man but more recent than 
Homo Erectus. (S-scc. priUBC,) 

Neanderthal Man carne betwet^n Homo Erectus and Modorr Mm. Name the 
skull that is older than MeandcrthQl Man's, but more Ct^ent than that of 
Australopithecus, (5-$ec. pnuse,) 

The answer is Homo Erectus. You can tell Homo Erectus is older than Neander- 
thal Man and more recent than Australopithecus because he has a smaller 
cranial area than Neanderthal Man but a hirger cranial area than Australopi- 
thecus. This time, name the skull that comes between Ramapithecus and Homo 
Erectus. (S-soc, paustK) 

AuitTaloplthecus comes between Raniapithecus and Homo Erectus. Now for 
one final question. See if you can remember both the names of the skulls and 
their ages. Try to name them in order starting with the oldest. (S-sec. pauBa,) 

Rainapithecus, the skull farthest to yoiir left, is the oldest, Than conies 
Australopithecus, Homo Erectus, Neanderthal Man, and finally Modern Man, 
the nnost recent skull. This concludes our program on the Age of Man EKhibit 
Please take your machine back to the attendant. Thank you for taking our 
program. 

3. Audio script: AQ(wyCondition, (Sanw m above, except that there 
were no p^nnses betxueari questions.) 

4. A.udio-Narration: AN-Condition. (Quastions were removed,) 

We're going to find out about the Age of Man Ixhibit, Look at the panels in 
front of you. There are many skulls on the panels and they aren't all the same! 
Some are different from others. The skulls that we're going to talk about have 
large white letters above their heads. Look at the panel farthest to your right. 
The hktill on that pane] has the large white letter A above it That's the skull 
of Modern Man, the kind of skull that people have today. Take a close look 
at Modern Man's skulL The back of his skull and the part that is above the 
jawbone, and in back 'jf the eyes, is the part that contains the brain. That is 
called the cranial area pf the skull, 

Reniember, the part of the skull that holds the brain is called the crania! area 
of the skull. Take a good look at Modern Man's skull. The cranial area of 
Modern N4an's skull is large and n^akes up a hig part of the skulL Now look 
at the panel just to the left of Modern Man. That panel has a skull with a 
large vvhite lelter B above it. The nanie of this skull is in large white letters at 
the top of the panel.^ 

This k the skull of Neanderthal Man, Modern Man's most recent ancestor. 
Neanderthal Man was the first form of man to have a brain of Modern size. 
Since his brain was the same size ns that of Modern Man, what does that 
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tell you nboiil his cranial nrea? Compare the skull of Neanderthal Man with 
that of Modorn Man. Do their cranial areas differ very greatly in size? Look 
closely at these skulls and listen very carefully. 

The crnninl ariMs of Neanderthal Man and Modern Man are about the same 
^A7P, Their cranuil flfeas are the same size because Neanderthal Man's brain v^?as 
abour ^he same as that oF Modern Man. Even though Neanderthal Man's 
skull almost ay targe as that of Modern Man, it is shaped a little differently. 
Take a close look at the shape of Neanderthal Man's cranial area. Compare it 
with that of Modern Man. Do you notice any difference in the vvay the backs of 
their sku!!s are nhaped? Look at the skulls of Neanderthal Man and Modern Man 
carefullv The hack of Neanderthal Man's skull is more pointnd, Knowing that 
lhr< cranial area of Neanderthal Man's skull is both pointed in back as well as 
large in size is a good way of telling his skull apart from the others. Now look 
at the panel to \\m left of Neanderthal Man, That is the one that has the skull 
with the large \s\:\\\q letter C over it. The name of that skull is in large white 
letters, at the top of the panel. That is the skull of Earliest Man. But there is a 
hettcr, more scientific name for this skull in small white letters under Earliest 
Man. 

The scientific name for skull C is Homo Erectus, Homo Erectus is an older 
form of man than Neanderthal Man and his brain was smaller than that of 
Neanderthal Maiu Look closely at the size of their cranial areas. 

Since Homo ErecHi^^ is an older form of man with a smaller brain than that of 
Neanderthal Man, his cranial area is smaller than that of Neanderthal Man. 
Look closely at the shapcH of their cranial areas. Do you see the way the backs 
of their skulls are shaped? Notice that the back of the skull of Homo Erectus 
is even more ppmted than that of Neanderthal. Now we know that the skull 
of Homo Ereclii?^ is both smaller in size and little more pointed in back than 
tha^ of Neanderthal Man. Look at the panel to the left of Homo Erectus. The 
skull on that pane] has a lar^e white letter D above it. The large white letters 
nt the top of the panel tell you that this is the skull of Near Man. But just like 
the skull of Hunio Lrn hr^, there is a better, more scientific name for skull D 
than Near Man, 

The scientific name for skull D is Australopiihccus. Try to pronounce that. 
Australopithecus. Australopi theciis is a very old ancestor of man w^ho lived 
even before HontO Erectus. Look at the exhibit. We're ^oing to compare two 
skulls again. Thi^ time we will compare the cranial aiea of Austrnlopithecus, 
the older skuIL with that of Homo Erectus, the more recent skull Look closely 
at the sii'c oF thc^ skullb of Australopithecus and Homo Erectus in the exhibit, 

Australopitheais 1^^ olJcr than Homo Erectus; therefore, his brain was smaller, 
and AiistralopUhccus had a smaller cranial area than that of the more recent 
skull Homo Erectus. 

Now let^s look at the panel to the left of the skull of Australopithecus. This is 
the panel farthrsS to the left in the exhibit. Notice that there is no actual skull 
on that panel jiib^l the outline of a skull with the large letter E above it. 
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Tho scientific name of skull E is Ramapith^cus. Ramapithecus is the oldmi 
aruestor of man in the exhibit. He lived over 14 million years ago, and hi$ 
skull would be older than the skull of Auglralopithecus. But he lived so lOTig 
ago that only a few bone fragments of R.imapithecus have ever been found. 
The drawing of the skull on the panel is whitt vve think he looked like. Com- 
pare the drawing of Ram.ipithecus with the ^kull of his closest but more mcmi 
relative, AuBtralopithecus. If we actually had a skull of Ramapithecus to com- 
pare with that of Australopithecus, how do you think the size of their cranial 
areas would differ? 

Ramapithecus is older than Austrnlopitheciis and therefore the craniai ami of 
Ramapithecus should be smaller. Look at all of the skulls in the exhibit. 

In general, more recent forms of man had larger brains and therefore they h^d 
larger cranial areas than older ancestors of mm. Look carefully at all the skuUs 
in the ' \hibit. Do you see how they are arTanged? 

The skulls in the exhibit are arranged in order from the oldest on your left 
the most modern on your right. Try to rerriember the scientific names of the 
skulls without looking up at the names on the panels. Which skull is oMex 
than Modern Man but more recent than Honio Erectus? 

Neanderthal Man came between Homo Erectqs and Modern Man, Now, waach 
skull is older than Neanderthal Man but more recent than Australopithecus? 

Momo Erectus came between Australopithecus and Neanderthal Man, You tmn 
tell Homo Erectus is older than Neanderihal Man and more recent than 
AustralDpithrcus because he has a smaller cranial area than Neanderthal Man 
but a larger cranial area than that of Ausirnlppithccus. Which skull comes be- 
tween Ramapithecus and Homo L rectus? 

Australopithecus conies between Ramapithecus and Homo Erectus. Can you 
remember the names of the skulls and their ages in order starting with the 
oldest? 

Ramapithetus, the skull farthest to your left. Is the oldest. Then came Austr^b-^ 
pithccus. Homo Erectus, Neanderthal Man, and finally Modern Man, the most 
recent skulk This concludes our program on the Age of Man Exhibit, Ple£^se 
take your machine back to the attendant. Thank you for taking our program. 
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Appmdix C 



PRI-POSTTIST QUE^IIONS; ANIMISM-^SHAMANISM 

Following are criterion pre-posttest questions and other instructions as they, 
appeared on the MTA Pre-Posttest Machine in the animism exhibit. Questions 
appeared/ one at a time, in the vievwirtg vvindow of the test macnine (Figure 6), 
A floor pad switch in front of the machme activated a circuit so that picking 
up the phone would initiate the midki instructions and subsequent events 
(see text). The statement 'Tlease pick up the phone for quiz instructions" 
remained in the viewing winclow \s>hm machine was not in use. Leaving the 
machine/ after a short delay, reset the program to its beginning (to the in- 
structions to pick up the phone). 

Picnic Pick Up flic Pf]ouc for Quiz In&iru.CitQns 

What h your age? 

A. 10 years or less 
11-13 

C. 14-18 

D, 19 years or over 

Haio triii}i\f grades of sciiaali}]^ fuuH* in)u cniiiplctcd? 

A, 6 grades or less 

B, 7-9 

C, 104 2 

D, 1 or more years of college 
An example of animism would he: 

A. The belief that the sun and the itipon have spirit power 

B, Belief in a single supreme beSng 

C. Denial of the spirit world 

D, Obeying the rules of the church 

Wliat is a functiori of a sJinman? 

A. Weave ceremonial robes 

B. Bury the dead 

C. Prepare medicinal herbs 

D. Contro' the spirits 

Asfrx^logy IB! 

A. AstronDmy made simple 

B. A new menns of communicating with the spirits 

C. A corru*7ticn of religious beliefs 

D. A form of divining the future 
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Diiunation techniques are: 



A. No longer in existence 

B. Almost extinct except for some primitive tribes 

C. Still popular In many areas 
O, A new fad 

Mc})iljvrf^ of flic Fnhv face Society arc: 

A, Monotheistic 

B. Aniniistic 

C, Atheistic 

D. Anti-theistic 

WhtcJi of the foUowing can used as a means of dlvinathn? 

A. Tea leaves 
B= Playing cards 

C. Shells' 

D. All of the above 

The Fnl^c frier Society h luiri i^f flic rcrisi^ioii5 Iraditiofi of tJiC: 

A. Hopi Indians 

B. Pueblo Indians 

C. Iroquois Indians 

D. Menominie Indians 

Indian ''How and WhAf' s>iprfv> iold aboui: 

A. Hunting and fishing ^ 

B. Relationships between nature, wildlife, and people 

C. Arts and crafts 

D. The heroics of the Chief 

What is the leader of spirit Toorkshop cervmonics called? 

A. Chief 

B. Head Man 

C. Shaman 

4. Spiritual Leader 

The relatio}}Bhipi between A)timiBm and Sharninism is bucIi iliat: 

A. Shamanism is necessary for animism 

B. Animism is necessary for shamanism 
C» One nhvays goes with the other 

01 There is no relationship betvv^een the two 

You've finished the quiz now. 
Thank you. 
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Appendix D 

PUNCHBOARD questions: ANrMISM-SHAMANlSM 

The 11-question sheet used mth the pu xuboard on the" animism-shamanism 
program. (For audio script, S'ee Appendix E,) 



1. 


Qa SIMPUFIKO FORM OF ASTRONOMY 

Oa new means OV COMMUNICATING WITH SPirUTS 

Oa CORRUPTION OF RELIGIOUS BCLIEFS 

Oa form or div[Nihc the future 

QAN innovation of the 20ih CENTURY 
Q PRACTICED THOUS^\NDS OF YEARS AGO 
C^A NEW FAD 


3. 


OnO longer in OTSTTNCE O almost EXTINCT 
O STILL MODERATELY PpPUlAR 


'■^ O RATTLE Q S^mON O BOWL 


5. QfaIKY stories O OlO WIVES^ TALES 

Qmow and why stories 


^- Qmldicine masics C) tmse facls O vciodoo faces 




O CHIEF OR HEAD Mf\N 

O SHAMAN, MEDICINE hlAN. OR PRIEST 

O FAVORED BnAVE 


q animistic powers q wrnrstltious povvers 
Qllcendarv towers 


9. 
10. 


O BELIEF IN ANMMAIS 

OBrilFF THAT ALL OH^lECTri POHSLSS SPIRITS 

Q MEniCINE CUlT 

OSTKENaTH , Ql^ERTILlTY Q "EATH 


n. 


QtELL the ITOrLC TO PLLASL THE SPIRITS 
OSLTTLL FK;MFS ^MJVVrEN TRIBES 
O ENTLKTAIN 1 ME CHUT 
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Appendix E 



AUDIO SCRIPTS FOR ANIMISM-BHAMANISM 

1. Audw Script used with the pninchboard (M-Condition). 
50 sees, of mu=.ic - ''Age of Aqiinrius/' 

Vm sure you've heard those lines before. And you probably know that they'i't 
referring to astrology. But do you know what astrology is? Look at the astrpl- 
ogy mtigazines in case 2. They're in the middle and near the front. Notice that 
label beneath them. The label says astrology is a form, of divining the future. 
What if astrology? Answer question 1 by poking the hole in front of the answer 
that best describes astrology. 

That's right. Astrology is a form of divinin^^ the future. That means i*^ Is a way 
to predict the future— it's a type of fortune telling. But how long ago was It 
dovelDped? Is it an innovation of the 20th century? Or was it practiced thou- 
sands of years ago? Or is it a new fad? For question 2, poke the phrase that 
tellg how loni:^ ago astrology W'as developed. 

Right. Astrology is thousands of years old. It was first developed by thf 
Chaldeans in 2000 B.C. and has continued to exist up to the present time. Are 
there some other familiar divination or fortune telling techniques in this case? 
Look to the left of the astrology mcigazincs. Playing cards, a crystal balL and 
tea leaves are all items that are still used today to predict the future. Are divina- 
tion techniques no longer in existence? Or are they practically extinct excepfc 
far some primitive tribes? Or arc they still moderately popular in many area^7 
In question 3, find to what extent divination techniques are used today. 

Yes, many of the objects in this case nrc still used today to predict the future. 
In fact, those small wooden symbols on your right in the front of the case are 
quite popular as divining token? in Southe^ist Asia today. There are also a lot 
of Ip'J^mi Unnis in this case that you might not be familiar with. Look at those 
K,v Mop snclls in the middle of the case and read the label carefully, 

C;-^ : . ■: What are these shells used for? 

Thc'^Ve used as a rattle by the Kwakiutl Indians in spirit worship ceremonies. 
Look at the Uip picture on the right side of the back walk Like all other people 
the Indians were concerned with the relationship between nature, wildlife, and 
people; the relationship of human chai^ ' teristics to living things. They told 
stories about these things they didn't undcr^Eand. What are" these stories called? 
Are they fairy stories, old wives' stories, or ''how and why'' stories? That'p 
question 5 -what arc these storicH called? 

Right. They are called "how and why'' stories because they explained the how 
and the why of things the hidians didn't really understand like rain, thunder, 
sickness, and death, they believed that spirits controlled all these things. Look 
at the rest of the pictures on the right side of the back walk They show how 
the spirits were called upon for rain by the Hopi hidians as well as for prosper- 
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ity and adviiu in war. Now look to the left of the pictures. See those red and 
ornnge wooden maskn? The Iroquois hidians cnrved these masks from a living 
tree as n part of their religious custom. Look at the label next to these masks 
and see if you can find what they are called, In que'stion 6, poke the hole in 
front of the correct name for these Iroquois masks. 

Thcv nrc cnlled Fnlso FacoH and ihcy are worn by the Iroquois Indians in cere- 
monies to drive awuiy evil spirits. Every adult male Iroquois Indian 'MS a mem- 
ber of the False Face Society. Each member of the False Face Society went 
alone into the forest and fasted until he had a vision of a spirit. He then carved 
the face of this spirit in a living tree, and later made a mask out of it. But even 
though every member of the False Face Society wore a mask and took part in 
the ceremonies, only one member of the tribe was the leader of the ceremonies 
to drive away evil spirits. This was also true of other Indian tribes. Only one 
person was the leader of these ceremonies, and it was his job to control the 
spirits. Look at the exhibit title on the right side of the back wall What is this 
leader called? Is he the Chief or head man? Is he the shaman, medicine man 
or priest? Or is he the favored brave? In question 7, find the name of the leader 
of the ceremonies. 

The leader is the medicine man, priest, or shaman, and his job is to control the 
power of the spirits. This form of religion, in which one person has the power 
to communicate with the spirits and tell his people what the wishes of these 
spirits are, is known as sliamauisnL And the leaders are shamans. So far we've 
been calling the powers that the shamans controlled spirit powers, but they 
have a fancier name. Look at the exhibit title again. Do you know what these 
povvgrs are called? Are they called animistic powers, superstitious powers, or 
legendary powcr'^? Answer question S by poking the answer that tells what 
these powers are called. 

Animistic powers are what they are called. And the shamans controlled these 
animistic powders so thnt the people didn't feel quite so helpless or frightened 
by them. But what exactly are these animistic powers and what does animism 
mean? Look at case 1 on your left. This tells us about the form of religion 
known as animism, What is animism? Is it a belief in animals, a belief that all 
objects possess spirits, or a medicine cult? Question ^ is: What is animism? 

Animism is the belief that all substances, objects and phenomena possess spirits, 
Look at the objects in the upper right of this case. Can you see some of the 
thinf^s believed to have spiritual powers? Some of the best examples shown here 
of objects havin^^ spiritual qualities are the sun, the moon, the wind, and 
thunder. According to animistic beliefs everything is spiritual, even mountains, 
Look at the Japanese shrine on the upper left. It shows a mountain which the 
people believed w^as a spirit mountain. Remember the Iroquois False Face So- 
ciety? Like many other Indian tribes, the Iroquois believed in many spirits, 
especially spirits of the forestdike trees and animals, and spirits of nature like 
wind and thunder. The Iroquois religion, therefore, is based on the belief that 
all substances, object*^, and phenomena posse^^s spirits. What is this form of 
religion called? Answer question 10 by finding the correct name for the belief 
that all substances, objects and phenomena possess spirits. 
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h'vr; /mI ,\\\ Mih-.Mnu'h, ol'ifuhs ^ipm pli«'ii(U]H'!Ui pO'ini";'! ^r[M[il'. kiKnvii 
' " / i lir!cl()!t\ ilir [['Mjiio;-, \\]\' c \ ..a. ' Miuit'lv !:. *iniMii'.!u A'Un'iltU)^ 
li Iu'Im i'.. ilicrc '•piiil- in rvrrvlliin^; holli id s\inM\ lliin^^s like* iIm' 
' :l ;ifi,;;iii, ,i[u.l ill I'.kI lliiii;;' li' i' tlrjtli- With all llu'M' spirits life roiilcl 
" , ■ :|v i In (M!t'iii!u; .in<l >.if fi}}ii'-' \\w pvinA<- hinuMl la shnmnnh. Mow ... the 

.,ii,)M^ hcip • ptM^pIr!^ Miil \\\rv [iA\ Up' [M'upU' how lo )»lr,!<.c' llii* sfMrils, 

lIiJ ihrv '.ritk IrJiP. lff\vHPh iiih*'.. or tlul ihvv r\\\vv\i\\n I In; rhiof? Anh\V('r 
{jiirs'iiMi i ; ' in;: fk<' ^ knit v i'l,!! [('lb. ko\v ijic Mk.ini.n!-. Iu^IimhI thi' prophM 

T\]r *ih,i!r.'!i'. P'lJ [he pcof'k- \\i^w ft) phMsp tht' ' jiirits, li tin p(H)plt! plrj- .^ 
[\\r vpii •!)(' spirit', wouk.l spiul iMin i^- (Jrivt^ nway nickiU'Sh ur grniit ('ihcr 
w iskc . pcopk'. In ilii^' \Vci%, .iniini'iin k? Ipiuil tkie |H'U[iU^ iin(Jo! ';ilarul 

t!i;M^^'; 11, kkc rjiii .inJ iIumuUm^ iiiid nknin. ■ i'^in helfn^tl iiinkc thcni 

<k' ..ui ' Minr i rnilro! nvvv ikf ■ n.ilnriil pkoiion^ .1. Tliry knew ikat if iki-/ 
\\v\v ok- ken! ,in-' \vi<\l Mir ^-pirih^ ikr spirits wouki hv s^uk] In \hvm. 

"Tiiis l onskffh."- ' rM!V'r.,in on llu' f {.ill ol l^cli^pon. i .iki' \'onr iihu. j^inr' I'^.irk 
U; tiiit ! k.Kui: :i .. \()u vcw nuu k lor Liknii^ iii!.; prcn^r.niK 



2. Auilia s( )'/'f /' ivithont iJii' juotrlilioaysi Imt luiiJi nuvuli'ViB (AQ(k'} 
Coniiilioij). No fuiK irrrr u-n'd loUh iliv ^cripi. TUcvv\o}\\ no spaces arc 
priyiUilcd jnlloirifh.: quc-.'Aiouu-. 

50 of nuisir " ;if" Aqi! n 

km Mire x'ou'vc !\t\ird ikost; lincH lu'lorts And \oii piciimbly know ihnJ: they're 
rofci riiu; to JStrolo;j;y. But ik> you knosv wlinl [ r, .j;y is? konk at fhe astrol- 
Oi;v niaivi/ines in c:\sc 2. Thvv'rc in tlie niitkJk^ ,1:1 (J n^^l^ the froni. Notice that 
kikcl luMUMtk tkciM kko Ijui^ says astrulogy is a ioiin oi divinini^ the future. 
VVkal IS astr^j'ni^y? Astiokn^y i^^ a fcirni of diviniris', ike fu[ur(\ That mcan*i it 
Is a way to pnulu't futint' it's a ivpr of fiMtunn trllinvs But how long 
ai'^; ^vas if dcveloficd? AiUroItn;y is ikuuHands of years old. It was \]\ -a d7Yelnped 
In' tk(^ C'kai Joans in 2000 BX. . <ind li has cimtiiiucal \o exist up tii prusc^nt time. 
Are there some othcM" faniiliar LnxMnat'on or (tu^tune tolhng leehniquey in thif^ 
ease? Ia>ok to the left of the astrok:));y mas^azines. Playing eard^i. a crystal balk 
and tea leaves are all items that arc still used today to predicl the future. Anj 
di\*inati(Hi tecknicjues no kinj^e^^ in existence? Or are t'-'y still inoderately 
popular in maivv' areas? >r^s nianv A tlic c)bjects in this ca?^e arc still used 
a)d,i\^ to iiM tke futures In lact, ihost' sniall wooden symbols on your ri>;ht 
in tke in >! s.i ilu < ..en a i'c i.|ni}o [TCMUilar as vkA^inico; tokens in boulheast Asia 
toi-ku'. Ik ere .\\v, also^ a \^-\ o\ InLlian itetris in this ca^e that: ynii nii^ht not 
be familiar with, look at diO '- Kwakiull scallop shells in the middle of^ the 
lase and read the kif^el tarciulKs IVkat are the^e shells u^^ed for? They're used 
as a rattle kv the Kwakiuil hulians in ^^Mrit \Norship ceremonies. Look at the 
fop pi; Uire 01^ tlu' rivdu ^nde of the back walk I 1! e all other people the huhanH 
w<; ' conierneLl with tke rela 1 ionslilp beiween )i. Mire, wildlife, and people; the 
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M^l,iliu!i'Jii|> ni htiiiMii I li.iiih !*Mi'li' in liviii- 11m' IIi \ t^Hd sUmH-^ .ibuiil 

ihr'.c lliiir,--. \\\<-\ ilnln'l > i M I r [ ■ , L i [ i - I Wli^t ,tfc iIm'.. '.Id i-. ijhiHl:" lIuV 'HS' 

- .iIh'iJ "Ikuv ,iihI wfu'" '-p'!!"' . ln'<-iM^p {h<-.- c |)l,)ini'i.! hnw „iif| ;h** why o! 
tliiiuV ifif liii iin[v- hliii rrnils' ' i n- It -r i ,i u I , hie • iiisulfi, '-h I iir'-'., mik' 
J'Mtli. I Im'V lu'lic\T.I llhii '•Mifil^ ^onhtiihHl .ill !hf^s(^ tllin)^- J<hiL .ti fC'^t 
<»! tiir ['h ht- -. Mi! ilif ii-Jit = If m! ilh I'.uk ujII. Thrv -ho\' limv iIk' '.fMiii^ 
i.illrti lipcin Ini iMiii h\' lln' Mni'i Iiiili.iipi ,i' Wi'W >\'-^ Ini' H'si i ■.' I 

.i.hv IM- iti N!n\\' IpmI-, |n ihr mI fltc jMilUlrh. Sri' lht^^(/ ivil .in*.! m; UU.u 

vviUJiirii ns.i'-i-.'.r lln' jnujuiir. ii.JhiM'' '.in'^tl iln^'^i !ihril-,s hniii IK'ilh* 
-IS a p.u I nl Hif il irliKhMi'. mi^Uhik l uol-. .it }lu' Ijbrl lu^xl iu lllf'-i' nuisks tliul 
'.(■r il \-iM' I. Ill liiul \vlbii liu'x^ aif lalliHl. Mm'V .U^«' liillrJ i'.il'^i^ cs .liul ihrv 
JK' uotn h\' ilu Inujiioi. lnJi,np- Iri i rii'iiu »nir'; lo L|ii\H' *i\\M\' S|nriis, 
Tvi'iv' .iJiih null!- InuMhii'. huh. in ''.a - .1 nuMhlMM' iht^ I'.ih>r I .u ^ 'Tnuclv. L.K"h 
nu'inhiM ol ihr I .ih^' I ^u r ^luirh' UH'ii! jlnnr intd llu' IniT^I drul hisU'(-l nnlil 
h.hl ,] '-;.;un n! ,1 ^pln^ I !r ihon i,ir%'<Mj thr inu,' ol ihi^ *'piri[ j!i >] Hvin^^ ii^'v., 
.ifid lit' i ni.nif .1 m.i' l- on! ol li. I'nl I'V'rn i(u)LH"^h i'vriv ]]]''\))hr'V ol \]\v Lihu^ 
I.hi'^ihm4\' WiMf^ iihi^h ,111(1 pjil in I hi' i 'M ( M ntui 1 1'^ , onlv (MV^ MUMiibcr ni 

i i . i . ; , I i 1 1 " < M ■ . , 

i iit i i 1 1 ' W A . [ . : ' ■ I i : I ii i t I ; ; i U 'H i r : ! t I t i i r. I . n^ M, . i I p ; 1 1 ; l i i i'= i v 

J ! ! . ! : ■ , ' m[ ! it li! . 1 ! il 1h'- ^ ^n 1\' our pr f'-(Mi W.i^i 1 1 1»' If.'.uh*'' nl ! ]ir'.(' i rit' - 

hi. Mi;- . JMil il ^ ■ fo i . ■ ' 1 i h t — , pi r i 1 ■ , h jl [h- i xh^Ml tilic Oil \hv 

nyiw • idi' d! tlir 1^ v. til ' Vh,'l i-. \\\r UsulfT LnlUui? fhu hsuirr i^. ih(' iiUHiit inc 

itKin, pMf"-.|.. (M ' h.iMi.in, .md lii'^ jul* i'^ to uMiti^ril ihf powrr n\ i\\v sriirils. 1 his 

fvM in n! rrh-Mon. in \\ hi U unr ['(M^-.on h,is ihr p^^^^H'f■ to rnninuintrjii^ vvilli lh(* 

-pirit'. M^.l Iril hi^^ p ;r wh.i} ihp >V!'dif-; ■ -n H'^ -sff', f^ kTunvn t^l'n'i- 

niin:r /V:\J thr ir.uirr^^ rwr NlMni.Mi' . "n) t.! In-; n rtillinK ihu [itnviM^ tluit 

tht^ '.IhinKni'^ ^on!ioi!t\i spirit powrf-s but tho;. n.wv J hnucr ri.inu?^ I=roK M inv 

^*\hilM! ti!l(^ .ij;,iin. f >o \'rn hntuv what the^a' piJWtT!. arc rallrJ? Animi'-li*. powers 

arc what llicv ate laNiuL And (he ^diamain^ uintrnllcd [Uv^^v aninli^l'! pcnviM^s 

ihat the people Llkln't ieel ipiiie 'ni helfde^'- or {rii^lilened bv iheni Hut whal 

e\at a;f tlu^^.e aninti^iu po\vec^> and nhal din--- aniniisni ineaiU Lnok at case 

I on wnw \v\i Ihi^ [rik= in. aluuit the lorni of rehidt'^'i known as aniniisni. 

What e- aniiniMn? AniiniMn llir belitd that ,dl ^.u[^^[,\nrcH, objcet'^. and 

[dienoinena po'-.(-.-, ^ pird'- 1 lud. at the objtH ts in .ne ufTfier ri);ht: ol thin ui^icv 

an \ou ^-ee '<onie ol [he ihlnp^. bi^lie\^ed to \]..]\'v s piritual puWia^Hr Some of 

the ex.nnpU"^ ^ho^^il iierr ol id,ije^ t^^ havuu^ Hpirdual qnaiides are the hun, 

the n. the wiiuk and tliunder. 



AiiorihiM; lo anind'^tit behels (naT\'thiin' 1^ ^pirilual, e\^eti incnni I ain^^= Look at 
kif^nien' auine on ihe nppia leld. It ^dunv^ a nionniain whieh llie pvopk 
Indimed sva'. a -f>ild inouniain, Isefnember the hHajUois Faku' Lue Sotietvr kike 
nianv oiher hKlian iribe-, the Irtupuii^ IndiexTd in manv spirit^^ eHpecially 
^.pirip, ihr t,ai-a hki' tn^s's and aniinak', and ^^pirit*. ol naturt' like svind and 
tlunidiT. klu^ IrtHjUoi'^ lelij^hMi, thereltne, i^^ ba^^ed on the heliel that all sub-- 
aan.e^., okjea-, and phenonu na po-^^e-^^ -pirit-. What i^^ thi- loiin td vv\\y,]On 
i ailed? d1iis bi hid' ihai all ^ud'^puu i--, oIm^'^ t^. and idienoniena posness spirits 
i', kno\\ n a^ indnii^wn. Thereiore, the Ircujiioi^. kak.c kaee Svu itdy is aniniistlr. 
Ait.Mdin\', li^ ainnn-}!* Indiel^. there are ^pirit^^ in e\'C'r\dhin); both in ^^uod 
linns','^ iil-e the 'am aiu! siren^dlp and m bad thinv;^. like death. With all these 
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= *piMh,^ lilr ((nilil Im- j'^pMs' 1 M i ? M 1 r i 'Ij*, jiul /// //??/(';. (In.' fipiiplc UhdihI Iu sliti' 
iihiir-. I huv iliil ill?' ■JijMi-i! ' lit ip jUMJjflr? Ilir Mjuunan'- Ufltj IIm' [H'o|i|r 

((> pli iT.f iIh' '.piii!'.. M llu' [irnph' pliM'.('il ihc spiilh., ihr <ipiri{ , wcniltl 
'iiMiJ laiii Pi .ivww • Mj^^j'-* ^^iIh'i^ '\i',lu*s ol tliu [leuplc^ In llii'i 

W:i\' .iriifniMU lu^lpi'il ilif pi't^ph' to iiiult'i sLuui lliinjv iii naUiii' lik^' rail, tind 
ihuiiJtM- .iihl .li.iiii.ilir.in hrlpri! :i '■■ • ihiTn 1<h*1 llicv h.ui 'aMiir innU'ol (JVcf 
ill*".'/ naiiiiiil [ilu^noini'ii,], I Iju^vv ibrP il wci^ '^brJiciU and phsriti.1 

IIm .piiih., the '*pi!lt^ U'(*ul'l 1^' y^M^^\ itn'iii. 

r!ii*> t u!h iuil?'^^ Vi.)\i\ pi o;; I .mi (n i fill' 1 1.1 11 t'l k('li|;io. : , i Mir lihi: hini; I ),i< I., 

li! i!u' .ilt(Mul.in! rh.iiii^ xi^i vv^v niiu h lur Liking; iIh> piojUMfn, 



s rj i : ; M A ( 11 1 i i i: m ( t i; <, i ; ^ m s on fl I k r i m ! v 

*j. .ipli' 'ii't ul riHyJiiij^ jiclf-ij;';! qufificins nn Iwuruilv. i hcfr \v(mi' M) h''< 

/ Icrrilit}/ 

C li rnino'iunujs : 

A. CorHain y^une^i 

I}. Were di^itovcieJ by Darwiii 

""1 Arc always dnini riant 

D, Are .ilway^i rocu**sive 

Acccirclin^^ t(i Darwin/ all (lonu^^tii- t:lurk«'ris Ciimv froin. 

A. Two bi*;Uv: ^ilrainB 
H. i he red jiinglt^ fow) 
C Siberia 

Unitud binius 

Tho exhibit imes whicK plant and animal forms to i!h;^!ral^^ h^rudity? 

A. Witch hazel ghrub and Iriidi Elk 

B, Rose?' and cliicktjna 

C. Roses and dogs 

D, Flowering peas and cats 

M';nck'l cmly di*;^ct)Vefed gcMiCH aflor he had ' 

A. St:: lied the Yokohama cock 

B, Stuuicd eye color 

C, Crossbred flowering peas 

D. Noticed blending of characterijj* ic? "f roses 

Cenej were recently found: 

A. TV) be absent in patients with cancer 

B. To contain nucleic acid 

C. To be lacking in the tubaccu plant 
0, To be ri.;de up ot chromosomes 
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1(1 S. 1. !jnilu'|\S'i iiid L A. f !,nv»on ! hv Mm-ru}}} Viiufor. Milwaukee 

rublu N'lU'.i^iMn- I'ubhi a ! If -n^ in Nhiheulo^y iniS, 

Aiuli'i^^iui. :H arvia 1>. "Ni^ i prints on th«- (ila-i*^: C)i I low -)o VVn Lvaluate MLnaMiin 
riOiMamsr' In Lrii. f.aiiabiH' {(Hi,), Slii'-rUfnii iwiA kdiiy allow . VVu^*hin|^tnn^ i.^:..; 
! win ill' on lan In^-.lii uiion ! 'n*^. 

AMn^^^l \'\ \\ t'<iui^>i!jonii! -./i lo^nn A Ciwniiirr \'!cu\ New York: Hoik Rineh 
and IVnt-.l: ii, icUjV^.. 

iMl -[. RoIh'M f ., nidSiluil/ frJiioru], hr-^fnii ltrnml f^oJin^f llrvrJ^^'^nrnf Nrw Yor 
\'an Ncritrand Ixt'inhoKJ i oin{5anv, iQ/i, 

naiiaihv, \UA.\ Ik lrii4y\ii:iiO}\iil S\i:-ti'n}-\^ Brlnuint^ C/alifH^rnia : kearun PnbliHhcr^*, 1968. 

Ikiiidura, A /V/nr//'/{^> nf lu'htirivr MiuiijiciU.io}!. New York: Mor . Rinehart: and 

Betbit 1, Iv H. Moduniefer ke'=earih \\\ Ntu'.euinH/' t\\s{'M/'it}n Ncto^if 45 ("), n)6y, 
(A) 

, "Muniati Movenient and /u Lhi^ei ture," I riiu-.i-Actio}] Miiy/tziiii', 4 (oj, i o6}% 
p.. ^^ -^6. ib) 

Uijon, ■ . vV., ami Baer, DM. Chiht i.irvchjniuiit ! uiul I!: A Sif^^^'iutitic Efjifnyicti' 
/ /fr'ori/. New Yo[ k; Apptelon-t enlur , -Crof laoi, igbs, 

nkiont, H'Miianiin, vl ak 7'fnn?jo?//i/ of' l^d'^riilioniil k Wj/er/f/u'N /■ Ccy^iiifivo Duiitnin. 
iN e ^ V \ o !" k ; D a X' i t J M l K a \' , 10 q 6 , 

BkH)iiiberi7, Xk Ail Lxfu'vinn''! ' in Mui-cii!}] ItuUnictiofL American Ai^^^tu iatian of 
Mu^eiini-., New berie^^, N. Wa'd-nn^ton, D. Ck, jo :o. 

B>i! bt'j;vj, SU'fiiuin k de, and HairaMi^ Irene. ''Cdironokn;^ : Bibko|:;raphy of Mm 

\Va|or burvev^/Mn Lii*. [.aifabi'e (ed.), AI/{:-e/o?;M iHiil I .ilnCiilli^n.. VYasbin^^ton, 
[).kk^ hni Itlv.onian In^diiubon Pre^^, [o65. 

Borfu^i^yi. blephan k. dv. 'Te^tln^^ t^f Aiidu^nce Reiubon to Mu^-'inn kxh^b^N." 
i lojfor, 8(1), \i)bi, [^[v 86--0';. 

^\uiU'!on. D. I. "A \'iewpoint: khe Xtu'aHJni a-, a k'oniiTiunicaHc'H [om and biipli- 
taiioi^s for Mu^runi kdiuatu>n/' i'li- >!or, H [i), 1068, pp. 73-40, 

Cs^tnnuHmon [\eports on be4ruebi.'i;.d let li noKn;v, li' IrOtuovr I.t'ivnin ■ ,bi [jjiilnii- 
fion (jf I n^iiiicfii^n.! 7\ . ■vki^; 7, \"ok.. I aiul Ik iWu.b ; ^u: Ion, i - Sllpt. of 
lJi'n,dmenf'., lO"'^ 1 . 
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'M, ,/, f<f .. ^; I i!;;irv I ( Iill Mr\v fi'! m ! Jin .sliMiijI I ' , 1 1 ! t , i 1 u I ; V rilbll- 

.1'/ A>:''^>( iiii'il /';/'//•■,''./;■':'. I ! 1 1 n on . MC; Siu 1 1 Iv-^ ui ; . i n , i i I ii E umi , 



'iinhlhih^k !>■■ /Sii'/M;'// [irhiUMi!, I .1 ! 1 1\ i i n 1 - s : ruMi 'J ui iOC';'. 



■■."tT •!{ V i*f I SlM. >. Mi l n I \SM ul-.!'i', 

Iri.tri, ('. )A -iiul Vvvi ^W. M. (\ /M'V.f;'/f*r I'n'uij^Jr. '<v\y 'W^il: Apj)!olon-( rniurV- 
(..'rvi! I •.- o. 

{mm! ^N'pnrL i'i^'oninu;h'n, nuli.n.M \iiJh' ^'raul CimiUt, nr'iK Ah.o .uMiUbK' 
I [.^:n 1 K U 1 iiiiK'nLihoii ( t-ntri . 

:ncp* 1. !'«!-.." /'^'/: ■;,'/;' ^> ;// (S';';,';f :D r^, pi. Hu^H, pp. i-^-U5-.|=i 

il \'.., ,inj Roinv.;. VA A. i;. '" 1 n .hiu. 1 i.mkiI T !ud. ^; : v. !n 
( alifprnij : Soulluvr-t Kr^i^MLiI 1 .iboi jttM'v uf lAluL.Uionai Rt;-i;n[\h .Hid Du- 

N(*w \\!rk= ['n-ntiiu-l IjII, i ! . 
(d.i-.riv fi'ditur). Ti'drJin: Shu-hiur.^ ivul !'nw^i inn nial irn, nu;.; //; (V'd 

Ck^lJnuin, KaliicriiH' (i\i;U.M). ( A/'/uw h)r i'.Wi Mif:aW/^H Confni'iCion ^ :0 

in-toiT, !),(.'., CMfiLC of NkisLHini I^H5^;rafn^., Smith^oiTi.in liVit i ♦ LiMori, 1070. 

Honii;, iVrrnrr ffJlUn). C)/','^./;:f Hchnvioy: ti/' KrrU'int^i fn/f? /Im/'/u iif lon. 

Ni'\s^ ^^*^k■ Apploion ( i'n iurv -C. n^ft-^, lOOD. 

fntidt'k [■ iiM^rainnu'J Inst riu. iit.5n CuiJc, and udir. '\o\s Lnirvpo! ! , Nta^-'HichiPiCl ts : 
inioluk. Inc., i 000, 

Kemp, k E. /■; M r/f. f /i'*:,k kk'_w..v^ [Viki Alto, Cjkf*iriiia ; k^Mion ['ubli^-hcf^i, loft- 
Kr.ulnvohk n.. [Ik^Mn. IkS,, .ind Ma^M, fk Ik V.?u'wtiH/i/ of' i'.il!{Citl!0':.i! ( 'k|rf fK't'^- 
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|M^itfJ 'u-\\ h-iiii,^. Lihti, iai hMiiiiiii; im-1 A 1 tiluulin.il Shifi-, in an Ail 

( niih'iv.' Ill jMi'jMi.iiiun. 

KnlM-tt 1 hr [ iKuru uf Kill ^nitii >v. J l.*Mrn!ih\ Lnvininntrnl,'^ InitMnatiniial 
hu'.ini-.-. '-.l.M i I ■ i orpni ath mi, i oc^H, 

K, 1 T;:' ■ liUi^Alh^wAl ( /M't-s I'aio Alio, lifisrnin ■ I-rnron riibliMli- 

. ( Mi^f/ • V-/-;, r.ilo :\\\\\ ( ,i!iforf^ia : I'tMrcui I'uMi'ih(M<^ n;;".^, 
M-nkcK Susan. Utun/ / . /u/f/. Nrw ^'tirk; IVili. y, iut'-h 

^I>■lt^'^, Aiiiuir \\\ P\o\Ac^}\- hs^-i 'dint ion in Miiy^runii^ <>( Ait. Aincriian Asi-oiiatinn 

■ r )i ^1 ninituu) o\ A iilU'ti ;ii C ,j!liM ic; iri a Mipa'iini i'f ! iciue and InJi^.'i 
Afn-rff'/ .Vi':/^-. !4 (^), nno (a), 

Mrhun. Ailhiir W , rrlJman, Kwa anJ Ma'-iin, (.'hark'^ VV. E\iuii}}}inj(ii' ^ilutitr'^ 
of ihc l'.Jiii->itii^n i'liilihrn in li S\n 'Hini of t-^cimrc. Amj^riran A^sotiaiion of 
Nli! -iin^' , N-'vv ^iMi'. >A> r; \ 'v'.i ,hiiij;(on, kAC. io-Uv (k) 

h'i nk kk/akiak Ik /^/'' . ^ ^■r/i'!'":i'f?/ \' tiiiiitU tul S\u:'i'uni /^x/^/f^^.. kinal Kuport, 
U,h= P .siifnuni pi ik.iii L [Jiu.iiion and \Vtd!a[i\ knruau ui I\L"»uarLk Pr* , 1 

Oi)av. kJwaiJ, Andff-on, \V., KaLavv. K. and NkdL^^yiv.ki, R. I'yojjyannni'i! 

hr^n iiclion: l^rhnujuc^ iuul irCfui^. New V^nk: Appli:tori-Centiiry--Crof t*^ lOy', 

l\\r-,ov , \ r^- A. "ByMcmatic Tostini; of Pi^play Tuikn!c|iiP^^ For an Anthropi)K^i;y 
F^xhibitk^ in s/k, du Buriu-^yi and k A. lianson (od^j, T//t' Mufituni V/Mfnr. 
Milwaukrt* kubHt Museum: rubliianon^ in Mu^^eukj^^y, 3, i QuH, pp. 81-08. 

Va .'\m\ [lavid A. / //(' hr 'cij'iCiilion nnti S\rih iin'0}cuf of I OiJiui^u] OulcoDuvfl^ Walthain, 
Nki •^Mu!ui''Utt^^: Blaisdtdl riibkNlniu; C.oinpanv, 1008. 

p,i|ika!n, V' f .diiCAfii^n:d Cntt'iioji Mon-nin^:^. Inj;knva ^d, Cahfomiai Suuthvvc^a 
Kt'iM^aial kabi>rah.nv i^u kdiaatuHial Konuarrh and Dovck'pmcnt, ig6B. 

ro[^hanK \V. k, and baker, k. k Sw^'rMnWir hiyO.yacf imi .. Lny^vwood New JiM-^c^yi 
i'renli, rd ^ dk i^-^^' 

|^aT;p,,,n^ p. -, ;7;r ..OLV of tJir Mih^'-on I'/jafor. An'ii'riLran Ashociatlun of 
k, fuin-.^ Nr^v Si . Nu. IVaHlun^lon, HXk 1028. 

'd^K[icr.nu'nla! [,dika!ion m tht- Muia-nni A Vvv^pvLUvv/' Mtn^'uni News, 

"10 f I td. ! o'^-;. p[v 

KvdMn-on, V-. V . Iapit; mrn f a 1 Study of kxhibit \ r rani;eincnt and Viewing 

Nk tiu'd Dulrnr.-K' l!i-;r klit^i llyon thr I oarnin;; ui" Fa.lual Matcriak" I'hn^- 
ti^ra! di- '*mLu:v':i, Univi^r-dv ot^ S-nilhrrn California, Ara Arbc^r. Micbii^an; Uni- 
\a'r-otv NHi. rof i hiiH, 1000 (N(>, oo-piir)- 

S..aS RtMU'- nui \c\ou. S. A s/rjfi^yy S^r l\ ^d^y C'lk/rr/ o'r (lo), pj). DidnujiH% 
k»\va ; KtahJail I kint Pubk^luM-^., lo/i. 
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. "I'uhlu A^ii---i Li-.tiiiiin;: !:\ptM'inirM[,iI Stiulir- in .1 Piihlu- Micriiiii," In Ro\\vv 
]], [. ht.uhnik , .inJ luiiii M.ibrv (fJv). I'lu' ( Hifuuin lu^lhivioi ; WA.. 

Slu'tlrl, li. If., HiitihiM-. ( ulion. Norilirufv .iiu! ^iKHt)';li, IX C, l^WnUyjv-^ 

MMj\h, 1068 (AIIM:;cn-4/n8-rRj. 

( 1), St'ptt'fnln'r, 107^1 [''[^ %,.' -'^.}. 
Silbi^rrlitt, lUnt. "The U^m^ ol Aiulio anJ rruhllunii nrvut". to InifUDVi.' .uu! LvMlihUc 

Mvinncr, i). \\ i HfuitLinrr il^woul. Ki'w \^nl \ Ap[i|L'tnn-C\'rUury-Crol t loin. 

SttMnhnrl. K'^i.tT A. "Ir! iiiii.!! INm foi n^i m f ^| mm 1 . u .1! 'H ,iiu! It^- on Achicvt-- 

iMi'n* rnpuMi-IirJ ini'-trr'. t'l-'u-. Un. rr'^itv of Wi-i onsin ■ Mi i \\MukiM% inoH. 

R{\' !in,:. \1a^'-.u In i'a't l-^ : A J Ji'-on-\Vc'.l''V, ion;. 

nrli^i.'iLU, Cileiu'U^NV, lilituip.; Su' InsrMnjn aiul (.onip.my, 1070. 
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